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ABSTRACT

Enteric viruses are viruses which replicate in the

intestinal tract of man and	 animals.	 One	 mode	 of

transmission for enteric viruses is the fecal-oral route.

Drinking water which has been contaminated with sewage or

sewage effluent has been implicated as a means for the spread

of enteric viruses. Monitoring water for virus contamination

requires two steps: 1) the collection and the concentration

of the water sample and 2) the isolation and identification

of the virus present. Current methods for the detection of

enteric viruses in water requires the use of animal cell

culture.	 This technique has several drawbacks, such as:	 1)

long incubation periods, up to two and three weeks, before

some enteric viruses are detected, 2) not all viruses can be

detected in one cell line, and 3) not all viruses have been

grown in cell culture. More rapid techniques, such as

fluorescent antibody or radioimmunoassay do not have the

needed sensitivity to detect the low levels of virus found in

contaminated water. These techniques also require the

production of an antibody for each different virus type.

	

An alternative technique for the detection	 of

viruses in water was sought. Recent advances in recombinant

xii



DNA technology now makes it possible to detect viruses

without the use of cell culture or antibodies. Gene probes

that hybridize to the RNA of poliovirus and hepatitis A virus

were tested for their ability to detect different enteric

viruses. The probes were labeled with 32 P dCTP and 32 P dATP

to a specific activity greater then 1.0 x 10 9 cpm/ug DNA.

Gene Screen Plus (NEN) was chosen as the hybridization

membrane since it was more sensitive to virus detection than

the other membranes tested. A dot-blot apparatus (Bio Rad)

was used to apply the samples. Results were visualized by

autoradiography for thirty-six hours at -70 ° C. One

infectious unit of poliovirus and hepatitis A virus was

detected using labeled cDNA probes. Upon comparison, the dot

blot assay was as sensitive as tissue culture for the

detection of poliovirus in beef extract, secondary effluent,

and tapwater. Environmental samples, such as secondary

effluent, reclaimed wastewater and unchlorinated drinking

water were also assayed for poliovirus and hepatitis A virus

with the use of gene probes. The results presented here

offer an alternative method for screening water samples for

the presence of enteric viruses.



INTRODUCTION

	Viruses are obligate intracellular parasites	 which

can only replicate in a living cell.	 The genome of a virus

is either DNA or RNA which is wrapped in a protein coat

termed a capsid.	 Viruses may also have a lipid envelope, but

this is not true of all viruses. Viruses that replicate 	 in

the gastrointestinal tract of humans and animals are called

enteric viruses. During defecation, enteric viruses are

released from the host into the environment. Once introduced

into the environment, survival is dependent upon such factors

as temperature, light, pH, particulate matter, etc.

Over 120 different types of viruses have been

Identified in feces, (Melnick et al.	 1980).	 This	 includes

the enteroviruses	 (polio,	 coxsackie,	 hepatitis A,	 echo),

reoviruses, adenoviruses,	 rotavirus,	 and	 Norwalk	 virus

(Smith, 1980; Madley, 1978). The concentration of enteric

viruses in the feces of an infected person can be several

million particles per gram, and the concentration in raw

sewage has been reported to reach as high as 400,000 per

liter (Buras,1974).

Many drinking water sources in the world	 are

contaminated with sewage 	 (Smith,	 1980;	 Shuval,	 1976).

Bacteria, especially the coliforms, have long been used as

1
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Indicators to judge the safety of water used for human

consumption and recreational activity. However, coliform

numbers do not always accurately indicate the presence or

absence of enteric viruses. Keswick et al. (1984) and

Payment et al. (1985) found enteric viruses in water which

was free from coliforms and contained free chlorine Marzouk

et al. (1980) collected 99 samples from 3-meter deep wells in

Israel. Twenty of these were found to contain viruses.

Seventeen of the samples were negative for fecal coliforms

and fecal streptococci. However, viruses were detected in

twelve of these samples. In one case, viruses were detected

in samples which contained no indicator bacteria. Further

analysis showed no significant correlation between the

presence of indicator bacteria and the detection of viruses.

Several other studies have demonstrated the presence of

viruses in drinking waters (Keswick et al. 1984; Rose et al.

1984; Herrero and Fuentes 1978). Waterborne outbreaks of

viral diseases have been on the increase over the past

several years in the United States, (Hurst, 1983) and have

been documented for the following viruses: hepatitis A virus

(Gerba et al. 1985), adenoviruses, (Foy 1968), Norwalk virus

(Gerba et al. 1985), and rotaviruses (Gerba et al. 1985).

The presence of pathogenic viruses in drinking and

recreational waters is of major concern because of the low

infectious dose (ID) that is required to produce disease in
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humans (Akin, 1983). It has been shown that infection in man

can be caused by as little as one plaque-forming unit of

poliovirus (Westwood and Sattar, 1976). Thus, the presence

of even one infectious virus in drinking water is cause for

concern. A method for detecting very low levels of viruses

in drinking water is needed.

Current techniques for the isolation of viruses in

contaminated water involve two steps: 1) The collection and

concentration of the virus and 2) The isolation and

identification of the virus (Sobsey, 1976). Cell culture is

the current procedure used for the detection of viruses in

water. Although cell culture techiques are now relatively

simple to perform, this assay system does have several

drawbacks. One drawback is that incubation periods of up to

14 days or longer may be required before cytopathic effects

are observed. A second problem with this assay system is the

lack of one cell line which will permit the replication of

all enteric viruses (Bitton, 1980). In addition, some

enteric viruses, such as hepatitis A virus, do not exhibit

cytopathic effects in cell culture (Sobsey, 1976). More

rapid techniques, like fluorescent antibody (FA) and

radioimmunoassay (RIA) are not sensitive enough to detect the

low levels of virus present in contaminated water (Harris et

al., 1979). An alternative method, one which is both rapid

and sensitive, is needed to detect viruses in drinking water.
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The assay system developed must be able to detect

viruses in a concentrated water sample within a relatively

short time period. Rapid results are important to prevent

the continued ingestion of contaminated water. The assay

system must also be able to detect the low levels of viruses

which would otherwise be missed if assayed by a more rapid

technique such as FA or RIA. Current advances in DNA

technology using gene probes now provide a method for

identifying the genes of any organism. Gene probes are

pieces of complementary DNA (cDNA) which have been labeled

with a radioisotope and are capable of detecting minute

quantities of nucleic acids (Maniatis, 1982). The cDNA probes

which were used in this study have been constructed using

the genome of poliovirus and hepatitis A virus and can be

used to detect small quantities of enteric viruses in water.

The enteric viruses that are detected using this technology

is determined by the base pair sequence of the cDNA probe.

This dissertation describes the use of a poliovirus cDNA

probe and a hepatitis A virus cDNA probe which can be used

for the detection of enteric viruses in drinking water. This

type of assay system is both rapid, yielding results within

72 hours, and sensitive, being able to detect as few as one

plaque-forming unit of poliovirus and one Radioimmunofoci

Assay (RIPA) unit of hepatitis A virus.
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Virus-Caused Waterborne Disease

Outbreaks of waterborne disease caused by

microbially contaminated water continue to occur in the

United States. From 1971 to 1979, 265 outbreaks of

waterborne disease involving 57,913 persons were reported in

the United States (Craun, 1984). Hepatitis A virus was the

etiologic agent in 6% of the reported outbreaks. In 1980, an

outbreak of gastroenteritis and infectious hepatitis was

found to be associated with the consumption of water from

city wells in Georgetown, Texas (Hejkal et al. 1982; Sanchez

et al. 1982). It is important to note that routine

monitoring of tapwater samples by city officials consistantly

indicated that no coliforms were present.

Slightly less than half of the United States

population relies on ground water as the principal source of

drinking water (Craun, 1984). Traditionally, ground water

has been considered safe for human consumption without first

undergoing conventional drinking water treatment. The

increased demand for ground water has led many communities

and cities to recharge their underground aquifers with

secondary effluent or treated sewage. While this would seem

to be an economical and convenient way of recharging

underground water supplies, it increases the possibility of

contaminating potable water supplies with pathogenic bacteria
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and viruses present in domestic sewage (Keswick and Gerba,

1980).

As already mentioned, it requires only a few

infectious viral particles to cause an infection. Studies

with human volunteers showed that drinking as few as 10

plaque-forming units (pfu) of a wild-type echovirus-12 in 100

ml of water resulted in infection (Stefanovic et al., 1981).

The World Health Organization (WHO) (1979) explained the

significance of infectious viruses in drinking water with the

following example. Suppose a city with a population of one

million was exposed to water with a virus concentration of

one pfu per 20 L water that was treated conventionally but

insufficiently to remove all viruses. If it is assumed that

each person consumes about one L of water per day, then

50,000 individuals would ingest virus in their water each

day. Of those exposed, because of immunity and other host

resistance factors, only about 1% would become infected.

This translates into 500 persons being infected per day, or

182,500 persons per year. Assuming that one in fifty persons

infected would become ill, 3650 individuals would manifest

clinical signs and symptoms of disease per year. In

addition, the 182,500 persons infected per year would be

potential carriers of the disease agent, and could in turn

infect their contacts.
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Virus Sampling and Detection 

Contaminated water,	 especially	 drinking	 water,

usually contains very low numbers of viruses.	 Unless the

water is grossly polluted (sewage or wastewater effluent),

fairly large volumes of the sample must be collected and

concentrated before viruses can be detected (Bitton, 1980).

One of the earliest methods for collecting and

concentrating viruses from water used a gauze pad which was

placed in the water to be sampled for 24 to 48 hours (Melnick

et al., 1954). Several different methods have been developed

since the time of the gauze pad. All of these methods take

advantage of one or more properties of the virus, such as

charge or size. The following is a brief review of some of

the methods that were used in the past for concentrating

viruses from water.

Hydroextract ion

This procedure involves the use of a dialysis bag

which is surrounded by a hygroscopic	 agent	 such	 as

polyethylene glycol (PEG). The water is free to move out of

the dialysis bag but the virus remains inside.	 This
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procedure is relatively easy to perform and requires little

expense. However, it does have some serious drawbacks which

make it unattractive to use with large volumes of sample such

as 100 to 1000 gallons. The sample volume should not exceed

1000 ml and should be limited to grossly polluted waters.

Other drawbacks that occur with this procedure include low

recovery rates and toxicity of the sample from environmental

pollutants, which could inactivate the viruses during the

concentration procedure. (Bitton, 1980)

Ultracentrifugation

Viruses can be effectively pelletted with the use of

an ultracentrifuge. However, the cost of operating 
an

ultracentrifuge, along with relatively small volumes 
that can

be ultracentrifuged, make this a; 
very expensive and

time-consuming procedure.

Ultrafiltration

Ultrafiltration is the process of driving water with

the use of pressure through a membrane that retains viruses.

This system works extremely well for 
concentrating viruses

from a non-turbid sample. The one major drawback 
with this
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system is the continuous clogging of the membrane.	 This can

be overcome by continuous stirring of the sample preventing

particulates from sticking onto the membrane.	 However, this

method is not very practical for use on large volumes of a

turbid sample such as secondary effluent.

Adsorption

Viruses adsorb to various substances due to an

electrostatic charge (Bitton, 1975).	 The capsid of a virus

is made of proteins and the capsid proteins usually exhibit a

net negative charge at a neutral pH. Depending upon the

surrounding pH of the water, viruses can exhibit a negative

charge, neutral charge (isoelectric point), or a positive

charge. At pH values found in natural waters, viruses behave

as negatively charged colloids (Bitton,1980).

Besides electrically charged interactions, viruses

display hydrophobic bonding. Hydrophobic bonding occurs

between non-polar regions on the surface of the virus with

other non-polar regions on other viruses or substances which

have a high degree of hydrophobicity, such as insoluble

polyelectrolytes.	 Insoluble polyelectrolytes adsorb viruses

based upon the hydrogen bonding that occurs between the virus

and the carboxyl groups present on the polymer surface
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(Farrah et al., 1980). Adsorption by electrical charge

usually involves adjusting the pH of the water to produce a

virus which has the desired charge. A pH value of 3.5 is

usually sufficient to confer a positive charge on enteric

viruses. Once the virus has a positive charge it can then be

adsorbed onto a substance that has a relative net negative

charge. This method has been used with glass powder and salt

precipitates, but has been limited to small sample volumes

and has not been evaluated for larger sample volumes

(Bitton,1980).

Adsorption to membrane filters has become the most

popular method for concentrating viruses from large samples

and from field samples. The pH of the sample is lowered to

3.5, producing a positively charged virus surface. To this

sample is then added a cation such as aluminum chloride. The

cations help decrease the repulsion forces between the virus

and the membrane and may act as a "bridge" between the two

surfaces, known as "salt bridging " (Farrah, 1981). The

sample is then passed through the membrane filter, which is

negatively charged. As the sample passes through the filter,

viruses are adsorbed to the surface of the filter.

Adsorption is due to the differences in charge between the

surface of the virus and the surface of the filter. This can

be demonstrated by using a 0.45 um pore size filter which

effectively retains viruses. The pore size of this filter is
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larger than any of the enteric viruses retained (450 na vs 30

na) (Bitton,1980).

Particulates found in wastewater can clog the filter

and organic material may cover the adsorption sites on the

surfaces of the filter. To prevent this, a pre-filter can be

used as well as a pleated cartridge filter, which has a much

greater surface area than flat disk-type filters. Once the

virus has been adsorbed onto the filter, elution of the virus

can occur by soaking the filter in a proteinatious substances

(i.e.,: 3% beef extract) at a pH value equal to or greater

than 9.0. At the higher pH values, the virus has a net

negative charge and is repelled by the filter (Farrah, 1981).

The repulsion of the virus is stabilized by the addition of

other proteins which compete for the adsorption sites on the

membrane. The eluent (3% BE) can be further concentrated by

any of the methods that work well for a non-turbid small

volume sample, such as organic flocculation.

Organic floculation consists of lowering the pH to a

value that produces an organic floc. With beef extract this

occurs at a pH value of 3.5 (Sobsey, 1976). The floc is then

pelletted by centrifugation and then dissolved in an alkaline

buffer (pH 9.0). When the floc has been dissolved, the pH is

returned to neutral and the sample is ready for assay.
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Detection of Viruses in Concentrates

Once a sample has been concentrated it is now

necessary to determine if viruses are present.	 There are

several techniques that are used for detecting viruses	 in a

sample.	 Some assay	 systems	 provide	 the	 sensitivity

necessary, but are slow to provide results. Other techniques

are more rapid, but lack the needed sensitivity required to

detect low levels of virus. The following is a review of

some of the techniques that have been used or are currently

being used for the detection of viruses.

Animal Inoculation

Before cell culture techniques were	 available,

viruses were detected by inoculating the sample into the

appropriate animal host, (i.e., mice, primates, chicken eggs,

etc.). This procedure was expensive and cumbersome,

requiring large animal resources and facilities to house

these animals (Freshney, 1983).

Animal Cell Culture

Animal cell culture is the most widely used technique
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for the detection of enteric viruses in environmental samples

(Melnick et al., 1980). This procedure uses cell lines of

human or simian origin, which are grown in vitro with a

minimal essential media, supplemented with fetal bovine

serum. The cell line can either be primary, such as primary

African monkey kidney cells or continuous, such as HeLa cells

or Buffalo Green Monkey (BGM) cells.

Primary cells have a finite life span and can only

be passaged a limited number of times. Continuous cell

lines, on the other hand, are usually transformed cells which

can be passaged many times before they have to be replaced

(Freshney, 1983).

Animal cell culture is only sensitive to viral

infection when the correct cell line is chosen (Schmidt et

al., 1978). Use of cell culture does have several severe

drawbacks when used to assay environmental samples. With

over 100 different enteric viruses known to exist, there is

presently no one cell line, either primary or continuous,

which permits viral replication with equal efficiency

(Bitton, 1980).

Cells which are infected with a virus may exhibit

cytopathic effects (CPE). However, some viruses such as HAV

can grow in animal cell culture without producing any CPE,

permitting the virus to replicate undetected in cell culture.

Another problem associated with animal cell culture is the
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slow growth rate of certain viruses,	 such as hepatitis A

virus or adenovirus. 	 To ensure enough time for virus

replication, tissue culture flasks must be held and

maintained for up to 3 weeks.

Other problems arise from bacterial contamination of

the sample. Cell culture media, even with the addition of

certain antibiotics, provides an excellent media to support

the growth of bacteria and fungi. This problem is compounded

by the length of time it is necessary to incubate the cells.

Bacteria may be held static for the first 3-7 days, but

usually are able to overcome the effects of antibiotics and

begin to grow, destroying the cell monolayer.

Substances toxic to the cell culture may also be

concentrated during viral concentration. Upon application of

toxic sample to the cell monolayer, the cells will usually

round up and die, destroying the monolayer which is necessary

for viral detection.

Of the cell lines often used for enteric virus

isolation from water, continuous cell lines (BGM) established

from primary African green monkey kidney cells, appear to be

more sensitive to a variety of enteric viruses than other

cell lines, such as Vero cells. Unfortunately this cell line

is less sensitive for the isolation of certain echoviruses

(i.e., echo 11 and echo 18) and adenoviruses, and will begin

to lose its sensitivity for viruses after a certain number of
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passages (Bitton, 1980).

Fluorescent Antibody (FA)

Fluorescent antibodies may be used as a technique

for enteric virus detection in cell culture. This technique

requires that 10 4 - 10 6 antigens be present before viruses

are noted (Gerdes et al., 1982). Fluorescent antibody assay

uses an antibody which has been conjugated to a fluorescent

dye such as fluorescein isothiocyonate (FITC) (Harris et al.,

1979). The conjugated antibody is then allowed to react with

the sample and examined by ultra-violet light with a

fluorescent microscope. The actual viruses themselves are

not seen under the microscope. What is seen is a fluorescent

spot which represents an aggregation of viruses which have

reacted with labeled antibody. This technique can be used to

detect viruses which have been resuspended on a glass slide

or for virus infected cells.

Different fluorescent antibody techniques have been

developed to improve the sensitivity of this assay system.

Indirect fluorescent antibody will usually increase the

sensitivity of the method by one log (Hurst, 1983). Other

problems with this system include non-specific binding of the

antibody. This can lead to false positive results or results
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which can not be interpreted due to the high fluorescent

background.	 In addition,	 this assay system requires an

antibody for every virus. This itself is a problem.

However, even if all the antibodies against all the types of

enteric viruses were available, viruses which undergo

antigenic change would still be undetected using this method.

RadioimmunoAssay (RIA)

Radioimmunoassay	 is	 a	 technique	 mucn	 like

fluorescent antibody.	 It employs an antibody which has been

labeled with an isotope such as 125 I (Gerdes et al.,	 1982).

Viruses in turn can then be detected with the use of a gamma

counter. This assay system is also not senstive enough to

detect the low levels of virus found in contaminated water.

The assay system may be used if the virus numbers are

amplified by passage of the sample in cell culture (Halonen

et al., 1982).

EnzlYme-Linked-ImmunoSorbant-Assay (ELISA)

ELISA is a technique which uses an antibody that has

been conjugated to an enzyme. In the presence of the

appropriate substrate, there is a change of color which can
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be detected with the human eye or a spectrophotometer.	 This

system is both rapid, requiring only 1-2 hours of incubation

before viruses are detected, and quite sensitive, being able

to detect approximately 10 3 - 104 plaque-forming units of'

poliovirus (Hurst,1983). There have been several differnt

ELISA techniques developed, but each requires the use of at

least one antibody. As with other imunological procedures,

antibodies that will react with all different viruses must be

obtained before this system can be used for environmental

samples.

Radioimmunofoci Assay (RIPA)

RIPA is a procedure that will quantitatively detect

HAV in cell culture, since HAV does not produce CPE.	 Once

HAV has been	 adsorbed	 and	 grown	 in	 cell	 culture

(approximately two weeks) the cells are fixed and then probed

with 125 I labeled antibody. 	 The monolayer is then washed and

exposed to x - ray sensitive film.	 Black dots, which occur on

the autoradiographs, are interpreted as areas	 of	 HAV

infection (Lemmon, Binn, and Marchwiki, 1983).

The major drawback with this system is the time

required before results are obtained. It takes approximately

two weeks before infected cells can be probed, and an
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additional week of autoradiography,	 totaling three weeks,

before results are obtained	 (Musial,	 1985)	 The	 long

incubation period required for HAV allows other enteroviruses

to replicate and produce CPE, destroying the monolayer which

is necessary for the detection of HAV.	 This procedure also

suffers from non-specific binding of the antibody,	 causing

false positive results, or results which cannot sufficiently

be determined due to the low signal to noise ratio.

Gene Probes

Gene probes are small strands of radioactively

labeled nucleic acids (either DNA or RNA) that hybridize to

the	 complementary	 strands	 of	 other	 nucleic	 acids.

Recombinant DNA technology now makes it possible to produce

large quantities of a probe inexpensively and with relative

ease.	 The probe is produced by inserting a specific viral

cDNA sequence into a plasmid which is then used to transform

Escherichia coil (Maniatis et al., 1982).	 The transformed

coil can then be grown in large quantites to produce probes

or be frozen at -70 0 C for future use.

Today, gene probes can be used without many of the

problems that were once associated with this technique, such

as non-specific binding of DNA. In 1965, Gillespie and
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Spiegelman developed a technique for the detection of RNA

which was complementary to DNA.	 This was done by first

immobilizing the probe DNA to nitrocellulose paper.	 The

paper and the probe were then placed into a solution which

contained a mixture of RNA molecules, some of which were

complementary to the bound probe DNA.

Hybridizations were first carried out in this manner

to alleviate the problem of non-specific binding of DNA, but

not free RNA, to the nitrocellulose paper. In 1966 Denhard

developed a technique which prevented non-specific binding of

ssDNA to nitrocellulose membranes. This was significant

since it allowed the filter paper technique to be used

without first performing the intermediate step of making RNA

complementary to the DNA (Green, 1963).

Hybridization Membranes

Nitrocellulose membranes were	 used	 until	 the

introduction of nylon membranes. Nitrocellulose presented

several problems, one of which was cracking of the membrane

after baking at 80 ° C for 2 hours. A second problem with
nitrocellulose paper was it's inability to efficently bind

RNA (Thomas, 1980). Nylon membranes improved the sensitivity

of nucleic acid detection by gene probes over nitrocellulose
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membranes and had several other imporant advantages.	 Early

forerunners of the nylon membrane,	 such as Gene Screen

(Dupont, Boston MA) did not crack when dried, but still

requird at least two hours of baking at 80 0 C in a vacuum

oven to immobilize the nucleic acid. Recent improvements in

nylon membranes, such as Gene Screen Plus, further increase

the sensitivity of the assay system and eliminate the need to

bake the membrane to immobilize the DNA. Also nylon

membranes do efficiently bind ssRNA. Small DNA sequences, as

few as 15 base pairs, can be retained on nylon membranes,

while RNA retention is increased 30% over nitrocellulose

membranes (ICN, 1983). The mechanism which allows RNA to

bind efficiently to nylon membranes is not clear, but it has

been suggested that the binding is due to the charge

attraction between the nucleic acid residues and the amine

and/or carboxyl active groups which are present at the

surface of the paper (Kobayashi, 1984).

Developement of a Blot Assay

Gene probes have been used extensively with other

procedures. In 1975, DNA fragments which were generated by a

restriction digest and separated on an agarose gel were

transferred to nitrocellulose. The fragments were identified
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by hybridization of specific probes and the procedure was

called a "Southern Blot" (Southern, 1975). Alwine et al.,

(1977) described a method of transferring RNA to activated

paper and identifying the RNA with labeled probes. Thomas

(1980) modified the procedure to allow the transfer of

denatured RNA and small DNA fragments to nitrocellulose

paper.

The Dot Blot assay allows the entire sample to be

spotted directly onto the hybridization membrane without

first undergoing electrophoresis. The dot blot assay was

originally developed for DNA filter hybridization by Kafatos

et al., (1979). Thomas, (1980) demonstrated that denatured

and non-denatured RNA could be effectively spotted and

immobilized onto nitrocellulose if the nitrocellulose was

first pretreated with a high salt concentration and then

subsequently baked after the sample was spotted.

Nylon membranes have since replaced nitrocellulose

in most laboratories. As mentioned earlier, nylon membranes

appear to be more sensitive, have much higher tensile

strength, and do not need to be activated to efficiently bind

DNA or RNA.
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Use of a Dot Blot Assay for Virus Detection

Dot blot hybridizations have since been used for the

identification of a variety of viruses. Herpes simplex virus

type 1 has been differentiated from type 2 using a cDNA

probe. The probe was constructed so that under high

stringency washes (low salt concentration) the probe would

not remain hybridized to the herpes simplex virus type 2 DNA,

but would to type 1 DNA (Stalhandske and Pettersson,1982). A

second example of viral detection can be demonstrated with

the use of cDNA probes against Varicella-Zoster virus.

Normally Varicella-Zoster virus infection can be definitively

diagnosed by isolation of the virus in cell culture,	 a

process which usually requires 7-14 days.	 Serdlin et al.,

(1984) used gene probes to facilitate a more rapid detection

of the virus from erupting vesicles presented from suspected

cases of chicken pox.	 Dot blot hybridization has been used

to help diagnose several other viral	 infections including

those caused by Epstien Barr Virus (Brandsma et al.,	 1981)

and hepatits B Virus (Berninger et al., 1982).

Gene probes have also been used for detection of

enteric viruses. Flores al., (1982) used ssRNA

transcripts of rotavirus, that were labeled with 32 P dGTP

during transcription or labeled with iodine 125 1, as probes

for the detection of rotavirus in stool samples and other
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biological materials. He reports the method was highly

specific and allowed for the detection of as little as 8 pg

of viral RNA. Upon comparison to ELISA tests which were done

by Flores et al., (1982) on stool samples from infected

patients, the dot blot hybridization procedure seemed to be

10-100X more sensitive.

Gene probes can be constructed with base pair

sequences which allow for the detection of one or more

viruses. This can occur in the following ways: 1) common

sequences exist in the genome of different groups of viruses

and can be similar enough to flacilitate detection of several

viruses with the use of only 1 probe or 2) Two or more cDNA

probes can be ligated together to form a "polyviral" probe.

Hypia et al., (1984) have reported detection of viral nucleic

acid in cells which were infected with coxsackie viruses

A9,B2,B3,B4, echovirus and poliovirus type 3 with the use of

a single probe. The probe which they used contained the

sequenc that codes for the replicase enzyme, a region which

is thought to be highly conserved among the picorna viruses

(Hypia et al., 1984). Rothbart et al., (1984) have reported

using a subgenomic poliovirus cDNA probe for the detection of

major subgroups of enteroviruses including coxsackieviruses

A9 and B1 and echovirus 11.
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Use Of Gene Probes for the Detection of Viruses in Water

Gene probes are not currently used for the detection

of viruses in water. Viruses are detected using cell culture

techniques, which have several drawbacks that were previously

discussed. An alternative method for detecting viruses in

water was sought.

The object of this dissertation was to use

poliovirus as a model virus for the development of a dot blot

assay which could be used to rapidly screen water samples.

This dissertation also contains a comparison of the dot blot

hybridization system to that of RIFA for detecting HAV from

infected cell cultures.



MATERIALS AND METHODS

Production of Poliovirus

HeLa Cells

HeLa cells (ATCC# CCL2) were grown in suspension

culture flasks at 37 ° C in a water bath using Joklik's

modified minimal essential media (MEM, Grand Island NY) and

10% horse serum (Gibco, Grand Island, NY.). When the cells

reached a concentration of 4.0 x 10 5 cells/ml, additional

media was added to reduce the cell density to 2.0x10 5

cells/ml. This was done repeatedly until 10 liters of cell

suspension was produced. The cells were pelleted in several

250 ml polypropylene conical flasks using an IEC (Damon Corp.

Boston MA) centrifuge at 2000 x g for 10 minutes. The cells

were washed in MEM without horse serum, repelleted, and then

resuspended in MEM without horse serum at 1/100 of the

orignal volume of cells (i.e., 10 L of cells were resuspended

in 100 ml of MEM without horse serum). Poliovirus, type 1

Mahoney, which was generously provided by Dr. M. J. Hewlett,

was then added at a multiplicity of infection (MOI) of 20.

25
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Adsorption was allowed to 'occur for 30 minutes at room

temperature with no agitation. After 30 minutes, additional

MEM and horse serum were added to bring the total volume of

cells to 1/10 the orginal volume. The final horse serum

concentration was 5% (i.e., 850 ml of MEM and 50 ml of horse

serum were added to the 100 ml). The infected cells were

incubated an additional 6-8 hours at 37 ° C with constant

stirring. At the end of 6-8 hours the infected Bela cells

were pelletted and resuspended in 100 ml of MEM without horse

serum. To liberate virus from cells, three cycles of

freezing and thawing were done using a dry ice ethanol bath

and a 37 ° C water bath. Cellular debris was pelletted by

centrifugation at 5000 x g in a 50 ml conically shaped

polypropylene tube. The supernatant was then stored at -20 C

until needed.

Buffalo Green Monkey Cells

Buffalo Green Monkey Kidney cells (BGM) were grown

In MEM (Autopow, Irvine Sc. Santa Ana CA) with 10% fetal

bovine serum (Gibco, Grand Island NY) in a closed 75 cm 2

flask until a complete monolayer was obtained. The media was

removed and the cells were washed with MEM without serum.

Poliovirus (LSc strain) was inoculated onto the monolayer at
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a multiplicity of infection of 0.1.	 Adsorption was	 allowed

to proceed for 45 minutes at 37 0 C. After adsorption was

complete, the cells were fed with 20 ml of MEM with 2% FBS.

Cells were incubated for 3 days at 37 ° C until CPE had
developed throughout the entire monolayer. Cells were frozen

and thawed quickly three times using a dry ice-alcohol bath

and a37 ° C water bath. The contents of the flask were
emptied into a 250 ml conically shaped polypropylene tube and

centrifuged at 5000 x g for 10 minutes in an IEC centrifuge.

The supernatant, which contained the poliovirus, was decanted

and frozen in small aliquiots at -20 ° C until needed.

Poliovirus RNA

Poliovirus RNA was extracted by mixing poliovirus

suspended in MEM with an equal volume of a one to one mixture

of phenol/chloroform (Appendix A) in a 25 ml Corex glass

tube. The mixture was vortexed for 30 seconds and then

centrifuged at 5000 x g for 10 minutes. The organic phase

was then removed and replaced with fresh phenol/chloroform.

This was repeated until no protein interface was detected.

The organic phase was then removed and replaced by an equal

volume of chloroform alone. The sample was once again

centrifuged at 5000 x g to separate the organic and aqueous
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phase.	 The aqueous phase was then removed and ethanol

precipitated.

Ethanol Precipitation

To precipitate either DNA or RNA, 3M sodium acetate

was added to the nucleic acid	 mixture	 to	 a	 final

concentration of 0.3M sodium acetate.	 To this mixture

absolute ethanol was added at three times the volume of the

sodium acetate nucleic acid mixture.	 This was done in either

a 15 ml or 50 ml conically shaped polypropylene tube.	 The

mixture was then gently inverted several times and cooled at

-20 0 C for a minimum of 12 hours. To recover the RNA or DNA,

one ml of the ethanol suspension was placed in 1.5 ml

microfuge tubes and the ethanol mixture was centrifuged at

10,000 x g for 10 minutes at 4 ° C. The ethanol was then
removed and the DNA or RNA was dried in a Savent (Hicksville )

LI) vaccuum concentrator. The RNA or DNA was then

resuspended	 in	 the	 appropriate	 amount	 of	 diethyl

pyrocarbonate (DEP) treated water.

Determination of Nucleic Acid Concentration.

Nucleic acid concentrations were determined in a
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Beckman	 (Palo Alto,	 CA) DU-5	 spectrophotometer	 at	 a

wavelength of 260 nm using a quartz cuvette.	 For double

stranded DNA, one absorbance unit equaled 50 ug of DNA, while

for single stranded RNA, one absorbance unit equaled 40 ug of

RNA (Maniatas, 1982).

Production of Probes

Poliovirus cDNA

A poliovirus cDNA (bp115-7440) which was cloned into

the Pst 1 site of the plasmid pBR322 and grown in transformed

E, coll Hb101 was generously provided by Dr. M. J. Hewlett.

The plasmid was isolated using the following procedure: 1)

200 ml of Luria broth was inoculated with a 24 hour culture

of E. coli which harbored the plasmid. The culture was

incubated at 37 0 C with constant agitation until the bacteria

reached the stationary phase of growth (approximately 24

hours). 2) An additional 800 ml of Luria broth was inoculated

with the entire 200 ml of the 24 hour E. coli culture and

incubated an additional 24 hours at 37 ° C with constant

agitation. 3) The cells were harvested by centrifugation at

6000 x g for 10 minutes in 250 ml polypropylene bottles. 4)

The supernatant was removed and the cells were resuspended in
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12 ml of a 25% sucrose solution.	 5) The cells were aliquoted

into 4 - 50 ml polypropylene tubes (3 ml each) and incubated

on ice. 6) 0.6 ml of lysozyme (10 mg/ml) was added to each

tube and then incubated on ice for an additional 15 minutes.

7) This was followed by 1.2 ml of a 0.25M EDTA solution for

another 10 minutes on ice. 8) To complete the lysis of the

bacterial cells, 4.8 ml of a Triton lytic mixture (Appendix

D) was added to each tube. The tubes were kept on ice with

occasional swirling until lysis was complete and the mixture

appeared clear. 9) After lysing was complete, the tubes were

centrifuged at 19,000 x g for 50 minutes at 4a C to pellet

high molecular weight chromosomal DNA. 10) The supernatant

was then collected in a graduated cylinder and for every one

ml of supernatant, one gram of CsC1 was added. 11) This

mixture was aliquoted into four Beckman Ti 50 ultracentrifuge

tubes and 0.64 ml of ethidium bromide (10 mg/ml) was added to

each tube. 12) The plasmid was banded in a Beckman L8-70

ultracentrifuge using a Ti50 rotor at 45K rpm for 45 hours at

21 ° C. 13) The plasmid was withdrawn by puncturing the side
wall of the tube (just below the plasmid band) with a 3 ml

syringe using a 20 gauge needle. The ethidium bromide was

removed by mixing an equal volume of n-butanol with the

plasmid mixture. The butanol was removed and replaced with

fresh n-butanol until there were no traces of ethidium

bromide left. The plasmid mixture was then dialyzed for 36
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hours at 4 0 C against a TRIS buffer (Appendix D),	 changing

the buffer every 12 hours. 	 After dialysis, the plasmid was

placed in ethanol and stored at -20 ° C for future use.

Hepatitis A Virus cDNA

Hepatitis A virus cDNA was grown and isolated using

the same procedures as described for the poliovirus cDNA.

The HAV cDNA (1380 base pairs long from the 3' end of the

genome) was cloned into the Pst 1 site of the plasmid pBR322

and grown in transformed E.coli HB101 and was generously

provided by Dr. Cosette Wheeler.

Nick Translation

Nick translations were done according to the methods

of Rigby et al. (1979). All cDNA probes were labeled using

the following procedure. To a microfuge tube on ice the

following was added: a) 4 ul of 10X nick translation buffer

(Appendix D) b) 4 ul of 10 mM dithiothereitol (DTT) c) 1.6 ul

of each cold dNTP that was to be added (The final molar

concentration of the dNTPs should be 250 uM) d) 10 ul of each

alpha labeled 32 P dCTP and 32 P dATP (when 32P dCTP was used

alone, 1.6 ul of cold dATP was added to the dNTP stock) e)
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0.15 ug of the cDNA to be labeled f) DEP treated water was

added to bring the final volume to 40 ul.

Once all these components were added, 	 the DNase

stock (Appendix C) was quickly diluted on ice and used.	 The

DNase was diluted in the following way: 5 ul of the stock

DNase was mixed with one ml of DEP treated water; 20 ul of

this mixture was added to a second tube containing one ml of

DEP treated water; 1.6 ul of the second dilution was added to

the microfuge tube containing the cDNA and allowed to

incubate on ice for 10 minutes. After 10 minutes of

incubation, one ul of DNA polymerase 1 (Appendix C) was added

to the microfuge tube and the reaction mixture was allowed to

proceed for an additional 90 minutes in a 15 ° C water bath.

The reaction was ended by adding 1.0 ul of 10% sodium

dodecylsulfate (SDS).

Separation of Incorporated 32 P from Unicorporated 32p

A G-50 Sephadex column was prepared using a five ml

boroscilicate glass pipette that was plugged with glass wool

at the the narrow end. The G-50 sephadex was hydrated in a

TRIS-EDTA (TE, Appendix D) buffer overnight and then

autoclaved for 15 minutes.	 The nick translation reaction

mixture was layered onto the column followed by one ml of TE
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buffer.	 As TE buffer left the column,	 it was replaced by

more TE buffer, preventing the column from drying. To

determine where the incorporated and unincorporated

radioactivity was, a geiger counter was continuously passed

over the length of the column. As the labeled plasmid left

the column (the first peak to exit the column), it was

collected in a microfuge tube and stored at -20 0 C until

needed.

Determining the Specific Activity of the cDNA Probe 

To determine the specific activity of the cDNA

probe, a 2 ul portion of the collected probe was counted in a

Beckman (Model LS 1800) bench top liquid scintillation

counter using five ml of Universal Cocktail (ICN, Irvine,

CA). The specific activity of the probe (cpm/ugm Of DNA) was

determined as follows: Volume (ul) of incorporated 32 P

collected from the G-50 column x counts per minute (CPM) from

scinilator/2 / 0.15 ug of DNA used.
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Plague Assays

HeLa cells

Plaque assays were done using 100 ml of HeLa cells

which were grown to a density of 4.x10 5 cells/ml. The cells

were pelletted, washed in Joklik's MEM, and resuspended in 6

ml of MEM without horse serum. Then 0.6 ml of cells were

aliquoted into ten 3 ml sterile capped disposable test tubes,

which contained 0.2 ml of each viral dilution. To each of

these tubes 0.6 ml of top agar was added, the tube was then

gently mixed, and poured onto a 25 ml tissue culture dish

(Nunclone, Irvine Scientific, Santa Ana, CA) which contained

bottom agar. The cell culture dishes were then incubated at

37 0 C in a CO 2 incubator until plaques developed.

Buffalo Green Monkey Cells

Poliovirus type 1	 (LSc) was quantitated by the

plaque forming unit method (Melnick and Wenner,	 1969).	 In

this procedure BGM cells were grown to confluency in six well

cell culture plates (Nunclone, Irvine Scientific,	 Santa Ana,

CA) using MEM (Autopow, Irvine Scientific, Santa Ana,	 CA)

with 10% Fetal Bovine Serum (FBS, Gibco, Grand Island,	 NY.).
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Viruses were adsorbed to the cells for at least 30 minutes

and then overlayed with a 1% overlay media and incubated at

37 0 C for approximately 3 days.	 To visualize plaques,

monolayers were flooded with crystal violet	 (0.5%)	 for

approximately one minute.	 The cells were then gently washed

with tap water and plaques were noted as clear zones.

Phenol/Chloroform Extractions

Samples were placed in a 15 ml conically shaped

polypropylene tube (Corning, Corning, NY). To this was added

an equal volume of a one to one mixture of phenol/chloroform

and the sample was vortexed for 30 seconds. The sample was

centrifuged in a Sorval (Dupont, Boston, MA) centrifuge at

7,000 x g for 10 minutes to separate the organic and aqueous

phases. After separation, the aqueous phase was removed and

placed in a fresh conical tube which contained an equal

volume of phenol/chloroform. To the original tube was added

one ml of DEP treated water. This mixture was vortexed for

30 seconds and centrifuged to separate the organic and

aqueous phases. The aqueous phase was removed and added to

the second conical tube which contained the aqueous phase

from the first separation. The phenol/chloroform of the

original tube was	 removed	 and	 replaced	 with	 fresh
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phenol/chloroform.	 To this was added an additional one ml of

DEP treated water. The above procedure was repeated until

the interface between the organic and aqueous phases became

clear. The second tube was treated as the first tube, with

repeated extractions until the interface also became clear.

This was done to a third and fourth tube if needed, until the

interface remained clear. When the interface remained clear,

the protein extraction was considered complete. The

phenol/chloroform was then removed from the final tube and

replaced with an equal volume of chloroform alone. The tube

was once again vortexed for 30 seconds and the phases were

separated by centrifugation. The chloroform was removed and

replaced by fresh chloroform and the procedure was repeated.

After the second chloroform extraction was complete, the

chloroform was removed and replaced by three volumes of water

saturated ether. The tube was gently inverted for 15 seconds

and allowed to stand until the two phases were separated.

The ether was removed and replaced with fresh ether and the

procedure was repeated two more times. After the last ether

extraction was complete, as much ether as possible was

removed from the tube with a pipette. To remove dissolved

ether, air was bubbled though the sample using a pasteur

pipette. The bubbling was continued until the odor of ether

was no longer detected.
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Baking Hybridization Membranes 

After spotting the samples onto the hybridization

membrane, the membrane was air dried and placed in a vacuum

oven (NAPCO, National applience Co., Portland, OR). for

baking. The membrane was baked for two hours in a vacuum

oven at 80 0 C.

Prehybridization

Membranes were prehybridized in	 a	 Seal-a-Meal

sealable bag (Sears Roebuck and Co., Chicago, ILL.).	 To the

plastic bag containing the membrane was added enough

prehybridization buffer to completely cover the membrane.

The bag was then sealed and placed in a 42 ° C water bath for
a minimum of six hours with constant agitation. All dot

blots in this study were done in this manner.

Hybridization 

Hybridizations were carried out in the same bag that

was used for prehybridization. The prehybridization bag was

removed from the water bath and to this was added denatured

salmon sperm DNA at a concentration >100 ug/ml. The bag was
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then resealed and returned to the water bath for	 an

additional hour of incubation, with constant agitation.

After the hour incubation , the bag was removed from the

water bath and the probe was added at a concentration of 2.0

x 10 6 cpm/ml of hybridization buffer. The bag was then

resealed and returned to the water bath for an additional 24

to 48 hours of incubation with constant agitation. All dot

blots in this study were done this way unless otherwise

noted.

Washing • Dot Blots

Dot-blots were washed twice using 100 ml of a 2X SSC

(Appendix D) solution at room temperature for 5 minutes with

constant agitation. This was followed by washing once with

100 ml of a 2X SSC, 1% SDS solution at 52 ° C for 30 minutes
with constant agitation. The final wash was also done once

using 100 ml of 0.1X SSC solution at room temperature for 30

minutes with constant agitation. The edge of the dot blots

were checked by a Geiger counter to determine if the

background and non-specific binding of the cDNA probe had

been sufficiently reduced. Blots were considered ready for

autoradiography if no signal was detected at the edge of the

blot. If a signal was still present at the edge of the blot,
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the blot was rewashed at 52 0 C and then at room temperature

until the signal around the edge of blot had been 
sufficently

reduced.

Autoradiography

Blots were first completely wrapped in Saran Wrap

and then exposed to Kodak (Eastman Kodak Co., Rochester, NY)

XAR-5 x-ray film at -70 ° C for up to 48 hours, using a Kodak

cassette with a Dupont intensifying screen (Coronex Hi Plus).

Cassettes containing x-ray film were removed from -70 0 C and

brought to room temperature before they were developed using

a Fisher (Geneva, ILL.) automated developer.

Particle Counts

Particle counts were prepared with the aid of a

nebulizer according to the procedure described by Miller

(1974).	 For this procedure 0.5 ml of the virus dilution was

mixed with 0.5 ml of polystyrene counting beads 	 (Polystyrene

Microspheres, Polysciences Inc. Warrington, PA) to a

concentration of 3.4 x 10 8 beads/ml. The mean diameter of the

beads was 79 nm. To the virus-bead mixture was added 100 ul

of 10% bovine serum albumin (BSA, SIGMA, St. Louis, MO.) and
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0.5 ml of phosphotungstic acid (PTA,	 2% pH	 7.6-8.0).	 The

sample was gently mixed and placed in the nebulizer.	 The

mixture was then applied to a carbon coated grid with several

applications of the mist generated by the nebulizer.	 The

particle count was performed in a Hatachi H-500	 transmission

electron microscope. Virus particles and beads were counted

until 100 viruses were noted.	 If 100 viruses were counted

before the entire field was counted,	 the counting was

continued beyond 100 viruses until the entire field was

counted. The particle to pfu ratio was calculated using the

following equation: (observed number of virus particles /

observed number of beads) x 3.4 x 10 8 beads/ml = number of

particles/ml. This procedure was done for different

dilutions of viruses ranging from 10 8 to 10 4 pfu/ml. The 10 6

pfu/ml dilution had sufficient quantity of virus for counting

on the electron microscope so this dilution was routinely

used.

Preparation of Pipette Tips, Microfuge Tubes .,

Glassware, and Water

All polypropylene plastic (pipette tips,	 microfuge

tubes,	 ect.)	 were	 first	 bathed	 in	 a	 0.1%	 diethyl

pyrocarbonate (DEP) water	 solution.	 They	 were	 then
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autoclaved for 30 minutes. Afterwards,	 the DEP water was

decanted and the plastic was dried in an 80 0 C dry air oven.

All glassware was baked at 180 0 C for 6-8 hours to destroy

any nuclease activity. Water was mixed with DEP to yield a

final DEP concentration of 0.1%. The water was then

autoclaved for 30 minutes and stored in 100 ml screw top

bottles until needed.

Evaluation of Isotopes

35 S dCTP vs 32 P dCTP

Nick translations were done using 35 S dCTP (specific

activity 800Ci/mMole, New England Nuclear, Boston MA) and 32 P

dCTP (specific activity 3000C1/mMole New England Nuclear,

Boston MA) to determine which isotope would yield a probe

with a higher specific activity.

32 P dCTP at Two Different Specific Activities

To determine if the specific activity of	 the

poliovirus cDNA probe would be increased by using 32 P dCTP

(NEN, Boston MA) at a specific activity of 6000 Ci/mMole,
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32rather then using	 P dCTP (NEN, Boston MA) with a specific

activity of 3000C1/mMole,	 two different nick translation

reactions were performed. 	 One reaction used 32 P dCTP with a

specific activity of 3000C1/mMole, while the second reaction

used 32 P dCTP with a specific activity of 6000 Ci/mMole.

Each cDNA probe was isolated on a G-50 Sephadex column and

the specific activity was determined using the procedures

previously described in the Methods section.

Use of 32 P dCTP as a Single Label vs 32 P dCTP and 32 P dATP

To improve the sensitivity of the dot blot system,

the specific activity of the probe was increased from 10 x

10 8 cpm/ug of DNA to 2.8 x 10 9 cpm/ug of DNA by using two 32 P

labeled precurssors, dCTP (NEN, Boston, MA) and dATP	 (NEN,

Boston, MA).	 To determine if the probe with the greater

specific activity was able to improve the sensitivity of the

dot blot assay, the following experment was performed.

Tenfold dilutions of poliovirus RNA were made in one ml of

DEP treated water. The dilutions were hand spotted onto Gene

Screen Plus (DuPont, Boston, MA) using a Gilson P-20 pipettor

(Rainin Insturment Co., Woburn, MA)in one 2 ul application.

The dilutions ranged from 50 pg down to 5 fg. Each blot was

hybridized according to the procedures described in the

methods section, with one exception, the denatured salmon
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sperm DNA was added along with the labeled cDNA probe. Dot A

was probed with the cDNA labeled with dCTP only to a specific

activity of 8.0x10 8 cpm/ug of DNA. Dot B was probed with the

cDNA labeled with both 32 P dCTP and 32 P dATP to a specific

9activity of 2.8 x 10 cpm/ug of DNA.	 The blots were washed

with equal stringencies at 52 0 C and were exposed to x-ray

film at -70 0 C for 48 hours.

Evaluation of Methods for Spotting the Sample

Originally the poliovirus RNA was spotted using a

Gilson 20 ul pipettor in one 2 ul application. To determine

if the sensitivity of the assay system would be affected by

spotting different volumes of a sample, poliovirus RNA was

applied using four repeated 0.5 ul application four times, or

with one single 2 ul application.

Field samples, which can be as much as 30 ml,	 would

not be able to be spotted in 2 ul applications,	 so two

commercially available dot blot apparatus (Bio Rad, Richmond,

CA and BRL, Gaithersburg, MD) were compared to determine

which would yield the most sensitive assay.	 Each dot blot

well held 400 ul of sample.	 The instruments were used

according to the manufacturer's
	

instructions.	 Tenfold

dilutions of poliovirus RNA, ranging from 500 pg to 5 fg were
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made in both 100 ul and 1000 ul of DEP treated water which

was housed in microfuge tubes. Dilutions ranging from 250 ng

down to 2.5 pg were made in DEP water and used with the

Gilson p-20 pipettor. Samples were spotted onto Gene Screen

Plus, baked, prehybridized, and then hybridized according to

the procedures written in this section. The dots were washed

at 52 ° C and the x-ray film was exposed at -70 ° C for 48
hours.

Selection of a Hybridization Membrane

To determine which hybridization membrane would yield

the most sensitive assay system, three commercially available

nylon backed hybridization membranes were compared, Gene

Screen Plus (Dupont,Boston, MA), Nytran (Schlieker and

Schuell, Keene, NH) and Biodyne A (ICN, Irvine, CA). Tenfold

dilutions of poliovirus using DEP treated water were made in

microfuge tubes ranging from 25 ng/ml down to 2.5 pg/ml. The

dilutions were then hand spotted using a Gilson p-20 pipettor

in one 2 ul application. This yielded RNA concentrations of

50 pg, 5 pg, 500 fg, 50 fg, 5 fg, respectively. The blots

were then hybridized using the procedure described in this

section, except the denatured salmon sperm was added at the

same time as the cDNA probe. The blots were then washed and
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exposed to x-ray sensitive film for 48 hours.

Evaluation of the Dot Blot Assay for Poliovirus Detection

To determine if the dot blot assay was as sensitive

as cell culture assay for the detection of poliovirus, a

comparison between the two assay systems was conducted.

Poliovirus was grown in HeLa cells according to the section

on poliovirus production. Tenfold dilutions of the virus

were made in DEP treated water to be used for the comparison.

Each dilution was then assayed on HeLa cells as previously

described. Tube #3, which was at 1.0 x 10 6 pfu/ml was used

for the dot blot assay. The extracted sample was spotted

onto Gene Screen Plus. The dot blot was baked, hybridized,

and autoradiographed as previously described.

Cross-Reactivity

To determine if the poliovirus cDNA probe would

cross hybridize with other viruses, 	 coxsackie B-3,	 rota

virus, and two bacteria phages MS2 and F2 were tested. All

viruses were diluted to a concentration of 10 4 to 10 7 viral

pfu/ml with DEP water and spotted onto Gene Screen Plus. The

phenol/chloroform extractions, hybridizations, and
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autoradiography were done according to 	 the	 procedures

described in this section.

Effects Of Chlorine on the Dot Blot Assay

To determine how chlorine would effect the dot blot

assay, the following experiment was performed. To a 500 ml

flask, 400 ml of water and 100 ml of clorox bleach (Lady Lee,

LKS Products Inc, Dublin, CA) were added. The flask was

allowed to stand overnight at room temperature before it was

emptied and rinsed several times with distilled water. Next,

100 ml of water and enough poliovirus to yield a final

concentration approximatly 1.0 x 10 3 pfu/ml were mixed

together in the flask. Clorox bleach was added until the

concentration of free chlorine was greater then 3.5 mg/l.

The concentration of chlorine was determined using a Hatch

(Loveland, CO) chlorine determination kit. A second flask,

which did not contain chlorine, was used as a control. To

this flask was added 100 ml of water and the same amount of

poliovirus as was added to the flask containing the chlorine.

The flasks were held at room temperature with gentle

agitation to ensure even mixing. At the indicated times, one

ml samples were removed from both flasks and placed into test

tubes which contained 200 ul of a 10% sodium thiosulfate
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solution.	 The tubes were inverted gently to ensure even

mixing of the 10% sodium thiosulfate.	 Each time point sample

was then split into two aliquots. 	 One aliquot was then

assayed using the pfu method on HeLa cells, the other aliquot

was assayed using the dot blot technique. The samples were

extracted with phenol/chloroform and then spotted onto Gene

Screen Plus using the Bio Rad dot blot manifold.

Hybridizations and autoradiography were done according to

procedures written in the Methods section.

Effects of Base Hydrolysis on the Dot Blot Assay

To illustrate that the dot blot formed during

autoradiography was truly from the hybridization of cDNA to

poliovirus RNA, the following experiment was conducted on two

control dot blots.

Poliovirus

Tenfold dilutions of poliovirus were	 prepared,

phenol/chloroform extracted and spotted onto Gene Screen

Plus. Also spotted as a control was denatured unlabeled

poliovirus cDNA. The dot blot was hybridized and

autoradiographed using the procedures previously described.
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After autoradiography was complete, the dot blot was soaked

in 100-200 ml of a 0.4N NaOH solution at 42 ° C for 4 hours
with gentle agitation. The NaOH was then removed and the

blot was further soaked in a 01.XSSC, 0.1%S0S, 0.2M TRIS-HCL

pH 7.5 solution (Appendix D) at 42 ° C for 2 hours with gentle
agitation.	 The dot blot was removed and reprobed with

poliovirus cDNA.	 After reprobing was complete, the dot blot

was autoradiographed for 48 hours at 70 ° C.

Hepatitis A Virus

Three different strains of HAV: 11M-175, HAS-15,	 and

CR-326, were grown on FRhK cells and assayed by the dot blot

technique. The dot blot was then treated with 0.4N NaOH as

described in the poliovirus section.

Production of a Standard Curve with the Dot Blot Assay

Tenfold dilutions of poliovirus RNA were prepared in

DEP water and spotted onto three different pieces of Gene

Screen Plus. The membranes were hybridized for 36 hours and

autoradiographed for the indicated times.	 Densitometry

readings were done using a Bio Rad Densitometer	 (Model 620,

Richmond CA).
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Concentration of Viruses from Field Samples

Field samples were prepared according 	 to	 the

procedures described by Gerba et al., (1978). Initially the

pH of the water was lowered to 3.5 by the addition of 1N HCL.

To this was then added 1M AlC1 3 until a final working

concentration of 0.0005M AlCL 3 was achieved.
	 The sewage was

next passed thru a 0.45 um pleated	 cartridge	 filter

(Filtrite, Brunswick Tecnetics, Timonium, MD). Viruses were

eluted from the filter by saturating the filter with one

liter of 3% beef extract (BE) pH 9.0 in the filter housing.

The 3% BE was then removed by positive pressure using

nitrogen gas. Flocculation of the beef extract was

accomplished by lowering the pH to 3.5 for 30 minutes with

constant stirring. The precipitated material was then

collected by centrifuging the sample for 15 minutes at 10,000

x g. The floc was then resuspended in 30 ml of 0.1 M

Na 2 HPO4, pH 9.0 and the pH was neutralized by the addition of

1 N HCL. The sample was clarified by centrifugation at

10,000 x g for 10 minutes. The supernatant was then assayed

by the pfu method on BGM cells. A specified volume of the

sample, usually 2-3 ml, was placed on BGM cells which were

grown to confluency in 75 cm 2 flasks.	 The samples were

allowed to adsorb to the cells for 2 hours,	 rotating the

cells every 15 minutes, at the end of adsorption the sample



was removed and the cells were washed with 0.1M
 TRIS-Bd,

7.0.	 The cells were overlaid using MEM (Autopow) with 2% PBS

and were incubated at 37 0 C for 14 days. Each day the flasks

were examined for CPE.

Spotting Field Samples

Field samples were spotted using a Bio Rad dot 
blot

manifold onto	 Gene	 Screen	 Plus.	 Each	 sample
	 was

phenol/chloroform extracted, spotted, baked, hybridized, 	 and

autoradiographed according to the procedures described 
in the

section on Methods.

Detection of Poliovirus in Tapwater and Beef Extract

with the Gene Probe

To determine the sensitivity of the cDNA probe to

poliovirus which was seeded into tap water and beef extract,

the following experiments were performed.

To 100 gallons (378 liters) of Tucson tapwater 100

ml of 10 % sodium thiosulfate and poliovirus (Type 1,

Mahoney) to final concentration of 1.0 x 105 pfu/ml was

added. The sample was then collected and concentrated using

the procedure written in the section on concentration of

50

pH
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virus from field samples.	 The sample was	 then assayed for

viruses using the plaque forming method on HeLa cells and the

dot blot hybridization assay according to the procedures

described in the methods section.	 The samples were spotted

onto Gene Screen Plus using a Bio Rad dot blotter.	 To ensure

that the cDNA probe would not hybridize nonspecifically to

the spot formed from the application of the sample, fifty

gallons of Tucson tapwater, which was not seeded with any

virus, was collected, concentrated, and probed, using the

same procedure as the experimental sample.

To determine the sensitivity of the dot blot assay

in beef extract, one liter of 3% BE was seeded with 5.0 x 10 5

pfu/ml of poliovirus (LSc strain). The beef extract was then

flocculated and the concentration procedure was completed.

The concentrated sample was extracted, spotted onto Gene

Screen Plus, hybridized, and autoradiagraphed using the

procedures described in the methods section. A control of 3%

BE alone was also spotted on the membrane. The control

sample was prepared as the experimental sample but no virus

was added.

Comparison of RadioImmunoFocus Assay vs.the Dot Blot Assay

Three different strains of HAV (HAS-15,	 CR326,	 and
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generously provided by Dr. Susan Strammer. 	 The HAV genome

was blotted onto Gene Screen Plus using a Bio Rad dot blot

manifold.	 The extraction,	 spotting, hybridization, 	 and

autoradiography were done according to 	 the	 procedures

described in the Methods section.	 The virus titers were

first determined by RIFA.



RESULTS

Evaluation of Isotopes 

The cDNA probes which are labeled to the highest

specific activity should theoreticaly be the most sensitive

probe. Two different isotopes were used, 32 P and 35S, to

determine which would yield a probe with a higher specific

activity. When 32 P dCTP was used, a probe with a specific

activity of 8.0 x 10 8 cpm/ug of DNA was produced, the use of

35 S produced a probe with a specific activity of 7.8 x 10 7

cpm/ug of DNA (Table 1). Both probes were labeled using nick

translation according to the procedures in the section on

Nick Translation. Because the kinetics of the DNA polymerase

I is reduced when using 35 S	(Vincent	 et	 al.,	 1982),	 the

reaction was incubated for 4 hours,	 while the reaction

containing 32 P was allowed to proceed for only 90 minutes.

Table 2 shows the increase in the specific activity

of the probe when 32 P with a specific activity of 6000

Ci/mMole was used compared to the probe which was labeled

with 32 P at a specific activity of 3000 Ci/mMole.

When 32 P dCTP (specific activity 3000 Ci/mMole) is
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Table 1

Comparison of the Specific Activity
of a cDNA Probe Labeled with 35 S

or 32 P dCTP

Isotope
	 Half-life	 Specific activity of probe

35 S dCTP	 87.2 days	 7.8 x 10 7 cpm/ug of DNA
(specific
activity
800 Ci/mMole)

32 P dCTP
	

14 days
	

8.0 x 10 8 cpm/ug of DNA
(specific
activity
3000 Ci/mMole)
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Table 2

Comparison of the Specific Activity
of a cDNA Probe Labeled with 32 P dCTP
at 3000 Ci/mMole vs 6000 Ci/mMole

Isotope	 Specific activity

32 P dCTP	 8.0 x 10 8 cpm/ug of DNA
(specific activity
3000 Ci/mMole)

32 P dCTP	 9.8 x 10 8 cpm/ug of DNA
(specific activity
6000 Ci/mMole)
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used in conjunction with 32 P dATP	 (specific activity 3000

Ci/mMole) there was a 3.5 fold increase	 in the	 specific

activity of the probe produced. The increased specific

activity of the probe enabled a lower quantity of poliovirus

RNA to be detected with the dot blot assay (Table 3).

Evaluation of Different Methods for Spotting the Sample

In this study BRL and Bio Rad dot blot manifolds

were compared to the sensitivity of hand spotting. Samples

were spotted onto Gene Screen Plus and hybridized and

autoradiographed according to the Methods section. Several

attempts were made to correct the leaking that occurred with

the BRL manifold, including individual instruction from the

sales representive. BRL has reported that 30% of their

clientele who use this type of manifold have the same

complaint. BRL has since replaced this blot manifold. The

Bio Rad dot blotter has a silicon gasket to	 prevent

well-to-well leakage.	 Spotting the sample through a dot blot

manifold did not reduce the sensitivity of the assay when

compared to hand spotting (Table 4).



Table 3

Comparison of the specific activity of
a cDNA probe labeled with 32 P dCTP vs.
32 P dCTP and 32 P dATP

Isotope	 Specific Activity	 Concentration of RNA
lug of DNA	 50pg 5pg 500fg 50fg 5fg

32P dCTP 8.0 x 10 8 cpm	 +	 +	 +	 +	 -

32P dCTP 2.8 x 10 9 cpm
32P dATP
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Table 4

Evaluation of Different Methods
for Spotting the Sample

Method of
	

volume
	

Concentration of RNA
spotting	 spotted
	

500pg 50pg 5pg 500fg 50fg 5fg

pipettor	 2u1	 +	 +	 +	 +	 +	 +

BRL	 100u1	 +	 *	 *	 *	 *	 *

1000u1	 +	 *	 *	 *	 *	 *

Bio Rad	 100u1	 +	 +	 +	 +	 +	 +

1000u1	 +	 +	 +	 +	 +	 +

specific activity of probe = 3.2 x 10 9 cpm/ug of DNA

* The BRL manifold leaked, cross contaminating the individual
wells
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Evaluation of Hybridization Membranes 

The results of the sensitivities of	 different

hybridization membranes are summarized in Table 5. Figure 1

demonstrates the difference in background between the

hybridization membranes when the same washing conditions are

applied to both dot blots. Gene Screen Plus has a higher

backround than Biodyne A or Nytran, but provides greater

sensitivity for the detection of RNA.

Effect of Exposure Time on the Sensitivity of the

Dot Blot Assay

Dot blots were exposed to x-ray film for the

indicated time intervals. The effects of exposure times on

the sensitivity of the dot blot assay for poliovirus and HAV

can be seen in Figures 2 and 3 and are summarized in Tables 6

and 7. There appeared to be a one log increase between 12

hours, 24 hours, and 36 hours exposure times. There does not

seem to be an increase in the sensitivity of the assay system

by increasing the exposure time from 36 hours to 48 hours for

the detection of poliovirus.



Table 5

Comparison of Hybridization Membranes
Used for the Dot Blot Assay*

Membrane	 Concentration of RNA
50pg 5pg 500fg 50fg 5fg

Gene Screen
Plus

Nytran	 +	 +	 +	 +	 -

Biodyne A
	

+	 +	 +	 +	 -

* samples were applied in a single
2 ul application

specific activity of probe = 2.8 x 10 9 cpm/ug of DNA
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50pg 5pg 500fg 50f 5fg

Nytran

Biodyne A

Gene Screen
Plus

Figure 1. Comparison of the Sensitivities and Background
of Various Hybridization Membranes Used
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Figure 2 , Effects of Exposure Time on the Sensitivity
of the Dot Blot Assay for Follovirus Detection
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Figure 3.	 Effects of Exposure Time on the Sensitivity of the
Dot Blot Assay for Hepatitis A Virus Detection



Table 6

Effect of Exposure Time on the Sensitivity of the Dot Blot
Assay

Exposure time	 Concentration of poliovirus RNA
hours	 100pg 10pg lpg 100fg 10fg lfg 0.1fg

12	 +	 +	 +	 +	 -	 -	 -

24	 +	 +	 +	 +	 +	 -	 -

36	 +	 +	 +	 +	 +	 +	 -

48	 +	 +	 +	 +	 +	 +	 -

specific activity of probe = 2.6 x 10 9 cpm/ug of DNA
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Table	 7

Effects of Exposure Time on the Detection of HAV

HAV
strain

Exposure
time

Dot	 formation,
dilution of original	 sample

hours 10 -1	 10 -2	 10 -3	 10 -4	 10 -5	 10 -6 10 -7

HM 175 12 +	 +	 +	 +	 -	 - -
24 +	 +	 +	 +	 -	 - -
36 +	 +	 +	 +	 +	 + -

HAS	 15 12 +	 +	 +	 +	 -	 - -
24 +	 +	 +	 +	 -	 - -
36 +	 +	 +	 +	 +	 + -

CR 326 12 +	 +	 +	 +	 -	 - -
24 +	 +	 +	 +	 -	 - -
36 +	 +	 +	 +	 +	 + -

specific activity	 of probe	 =	 1.8	 x	 10 9	cpm/ug of	 DNA
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Sensitivity of the Dot Blot Assay for Poliovirus Detection

In these studies, poliovirus was detected by the

plaque forming unit method and the dot blot assay using the

procedures described in the Methods section. The results of

poliovirus detection from infected HeLa cell harvest

supernatant which was diluted in DEP water is shown in Figure

4. Table 8 shows that a dot was formed out to a 10 -6

dilution of the original sample. The sample contained 1.2 x

10 6 plaque forming units of poliovirus.

The particle to PFU ratio was determined according

to the procedures outlined in the methods section. The

results indicated that in a typical sample used in these

experiments there were 100 poliovirus virion particles for

each plaque forming unit as determined in the BGM cell line

(Table 8).

Table 9 summarizes the results of poliovirus which

was diluted to 1.0 x 10 6 PFU/ml in 0.9m1 of Tucson tap water.

There does not appear to be substances whithin the tapwater

which would inhibit the detection of poliovirus by the dot

blot assay.

Table 10 indicates the sensitivity of the dot blot

assay for the detection of poliovirus which was added to 378

liters of Tucson tapwater. The tapwater was then

concentrated according to the procedures on Concentration of
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Figure 4.	 Dot Blot Assay of Poliovirus from a Cell Harvest
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Table 8

Sensitivity of the Dot Blot Assay for Poliovirus Detection*

Pol iovirus	 Particle to
	

Dot Formation,
PFU/ml
	

PFU Ratio a
	

dilution of Original Sample
10-2 10 -3 10 -4 10 -5 10 -9 10 -7

1.0 x 10 6	 100::1

* Poliovirus was detected from a HeLa cell harvest.
Supernatent from cell harvest was diluted in DEP water.

a- the average number of beads counted for three trials was
207. The average number of virus particles for the same
three trials was 108

specific activity of probe = 2.8 x 10 9 cpm/ug of DNA



Table 9
Sensitivity of the Dot Blot Assay for
Poliovirus Detection in Tap Water

Poliovirus
PFU/ml

Dot formation,
dilution of original sample

10 -2 10 -3 10 -4 10 -5 10 -6 10 -7 10 -8

1.0 x 10 6

specific activity of probe = 2.8 x 10 9 cpm/ug ofDNA
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Table 10

Sensitivity of the Dot Blot Assay for
Poliovirus Detection

Sample Poliovirus
PFU/ml

Dot formation,
dilution of original sample

10 -1 10 -2 10 -3 10 -4 10 -5 10 -6

Tap water l
concentrate

+	 +	 + - - -

70

Tap water	 0
concentrate

Beef 2	 4.2 x 10 5

extract
concentrate

- - - - - -

Beef
	

0	 -	 -	 -	 -	 -	 -

extract
concentrate

1) 378 liters of Tucson Tap water was seeded with poliovirus

2) Poliovirus was seeded into 1 liter of 3% beef extract and
then concentrated by organic floculation.

specific activity of probe = 3.2 x 10 9 cpm/ug of DNA
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Field Samples as described in the Methods section.	 The dot

blot technique demonstrated a dot out to a 10 -3 dilution

while the plaque forming method indicated a concentration of

10 3 pfu/ml.

One liter of beef extract was seeded with poliovirus

to determine if protienatious material would interfere with

dot formation. Table 10 indicates that the sensitivity of

the dot blot assay was not affected by beef extract.

Cross Hybridization of Poliovirus cDNA Probe With

Other Viruses

In this experiment the poliovirus cDNA probe was

used to determine if it would detect other enteric viruses.

Each virus to be tested was diluted to the indicated

concentration and spotted onto the hybridization membrane.

The probe was able to detect coxsackie B-3 virus, but did not

hybridize with human rotavirus or two different RNA

bacteriophages MS-2 and F-2 as seen in Table 11. The

poliovirus cDNA probe has a higher affinity for the

poliovirus genome than the coxsackie virus genome. This can

be seen by the lower dot intensity occurring with the

coxsackie B-3/poliovirus cDNA hybridization upon comparison



Table 11

Cross Hybridization of the Poliovirus
cDNA Probe with Other Viruses

Virus	 Starting conc.	 Dot formation,
PFU/ml
	

dilution of original sample
10	 10	 10	 10	 10	 10	 10

polio	 1.0 x 10 4 	ND

cox-	 1.0 x 10 4	 ND	 +	 +	 +	 -
sackie
B-3

Human	 10 3 IF units	 ND	 -	 -	 -	 -	 ND	 ND
rota
virus

MS-2	 1.0 x 10 7	 ND ND	 ND	 ND	 ND

F-2 ND ND ND	 ND	 ND

ND = Not Done
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to the poliovirus RNA/poliovirus cDNA hybridizations

(Figure 5).

Effects of Chlorine on the Dot Blot Assay

Chlorine may inactivate viruses without altering the

nucleic acids. Table 12 summarizes the ability of the dot

blot assay to detect viruses which had been resuspended in a

medium which contains chlorine. The dot blot assay did not

detect viruses in the 10 -3 dilution of the sample which was

in contact with chlorine for 60 minutes. This may be due to

degradation of the RNA in chlorine.

Effects of Base Hydrolysis on the Dot Formation

This experiment was done to determine if treating

the membrane with 0.4 N NaOH could be used to verify that RNA

was detected. RNA is subject to base hydrolysis while DNA is

not. Field samples from Mexico, that had previosly been

shown to be positive for enteric viruses by tissue culture,

were assayed by the dot blot assay. To demonstrate that the

probe hybridized to RNA (enteric viruses) and not DNA, the

dots were soaked in 0.4 N NaOH . Figure 7 demonstrates that

the cDNA-RNA hybridization was removed while the cDNA-DNA
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Figure 5.	 Cross-Hybridization of Pollovirus cONA with Other
Viruses



Table 12

Effects of Chlorine on the Dot Blot Assay

Chlorine
concen-
tration

contact PFU/ml
time
minutes

Dot formation,
dilution of original sample

10 -1 10 -2 10 -3 10 -4 10 -5

0	 0	 1.5 x 10 3 	+	 +	 +	 -	 -

	

30	 1.2 x 10 3	 +	 +	 +	 -	 -

	

60	 1.3 x 10 3	 +	 +	 +	 -	 -

>3.5mg/1	 0	 1.1 x 10 3 	+	 +	 +	 -	 -

	

30	 0	 +	 +	 +	 -	 -

	

60	 0	 +	 +	 -	 -	 -
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Figure 6.	 Effects of Chlorine on the Sensitivity of the
Dot Blot Assay
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Figure 7.	 Effects of Base Hydrolysis on Dot Formation
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hybridization was not destroyed. 	 Tables 13 and 14 summarize

the effects of alkaline treatment on poliovirus RNA and

hepatitis A virus RNA.

Construction of a Standard Curve Using Poliovirus RNA

This experiment was done to determine the relationship

between the intensity of	 the	 dot	 formed,	 and	 the

concentration of RNA spotted for 12, 36 and 48	 hour

autoradiographs (Figure 8).	 As the autoradiography times

were increased, more silver grains were exposed on the x-ray

sensitive film in a defined area and hence formed a more

intense black dot upon development. This can be seen when

comparing the 36 and 48 hour autoradiographs with the 12 hour

autoradiograph. However, if there is no RNA for the probe to

hybridize to, then increased autoradiography times will not

produce a more intense dot. This can be seen with the 0.1 fg

sample.	 Also, the difference between dot intensities of	 the

lower dilutions (10 fg, 1 fg, 0.1 fg) is reduced due	 to	 the

masking caused by the background. The graph is horizontal

for the 36 and 48 hour autoradiographs at 100 pg and 10 pg

concentrations because the intensity of the dots were at a

maximum and increased autoradiography times did not produce a

more intense dot.



Table 13

Effects of Base Hydrolysis on the
Dot Formation with Poliovirus RNA

Treatment	 Dot formation, dilutions	 poliovirus
of original sample	 cDNA

10-1 10 -2 10 -3 10 -4 10 -5

None	 +	 +	 +	 +	 -	 4-

0.4N NaOH	 -	 -	 -	 -	 -	 +
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Table 14

Effect of Base Hydrolysis on the Dot
Formation with Hepatitis A Virus

HAV	 Treatment	 Dot formation,	 control
Strain	 dilution of original sample	 cDNA

10-3 10-4 10 -5 10 -6 10 -7

HM 175 none + + + +	 - +

+NaOH - - - -	 -

HAS 15 none + + + +	 - +

CR 326

NaOH

none

-

+

-

+

-

+

-	 -

+	 -

+

+

+NaOH - - - -	 -
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RNA Concentration
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Comparison of RIPA and the Dot Blot Assay Sensitivities

for the Detection of Hepatitis A Virus 

This experiment
	

was	 done
	

to	 determine	 the

sensitivity of the dot blot assay compared to RIFA for the

detection of HAV (Table 15).	 Each of the three strains of

HAV was assayed using RIPA and the dot blot assay.	 All

three strains of the virus were detectable to a dilution of

10 -6 by the dot blot technique as indicated.

Detection of Naturally Occurring Viruses

Sewage Contaminated Water

In this study two different water systems were

tested for the presence of virus. One sample (Buckeye) was

canal water which was contaminated with treated sewage. A

total of 15 ml of the concentrated sample was assayed for

virus by the plaque forming method according to the section

on Methods. Table 16 shows that enteroviruses were detected

in the sample. Dot formation also indicated that virus was

present.

The second sample (Colorado) is	 river	 water

contaminated with sewage from a nearby oxidation pond that



Table 15

Comparison of RIFA and the Dot Blot
Assay for the Detection of HAV

HAV strain RIFA
units/ml

Dot formation,
dilution of original sample

10 -1 10 -2 10 -3 10 -4 10 -5 10 -6 10 -7

HAS 15 9.5 x 10 5 + + + + + +

CR 326 2.0 x 10 6 + + + + + +

HM 175 1.3 x 10 6 + + + + + +

83
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Table 16

Detection of Naturally Occurring
Enteroviruses in Sewage Contaminated
Surface Water*

Sample
	

Enterovirus detection	 Dot Formation
by cell culture

Buckeye a

Colorado b

* Indicated volumes of the sample were filtered through a 1
MDS Virozorb filter and eluted with 3% beef extract, pH 9.5.
Filter eluates were concentrated to a final volume of 30 ml
by the method of Sobsey and Glass (1980) before assay.

a-Buckeye sample was canal water with treated sewage added

b-Colorado sample was a river which was contaminated
by overflow from a nearby oxidation pond

specific activity of probe = 1.9 x 10 9 cpm/ug of DNA
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periodically overflows into the river.	 This sample was also

assayed for virus, both tissue culture and dot blot formation

indicated that viruses were present.

Secondary Effluent

Six secondary effluent samples were tested for the

presence of virus by tissue culture techniques and by the dot

blot assay. All tissue culture results, as well as dot blot

formation, indicated that viruses were present in the samples

(Table 17).

Drinking Water Treatment Plant

Water samples that were taken from different stages

of a water treatment plant in Mexico were tested for the

presence of virus. Samples were classified as raw,

clarified, and finished. Raw water samples were surface

waters which were actively contaminated with raw sewage and

had not undergone any treatment. Clarified water was raw

water which had been mixed with alum and settled by gravity.

Finished water was clarified water which had undergone sand

filtration and disinfection by chlorination.	 Enteroviruses

were detected in the raw water by CPE in cell culture.	 This
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Table 17

Detection of Naturally Occurring
Enteroviruses in Secondary Effluent*

Sample
	

MPN/
	

Dot Formation
ml

Ina Rd. #5 2.8x10 -2

Ina Rd. #6 1.6x10 -3

Ina Rd. #8 2.5x10 -2

Ina Rd. #9 1.1x10 -3

Ina Rd. #11 1.5x10 -3

* Approximately 100 gallons of secondary effluent was passed
through a 0.45 um Filterite pleated cartridge filter
according to the methods of Sobsey and Glass (1980).	 Eluates
were concentrated to a final volume of 30 ml by organic
floculation.

1-secondary effluent was chlorinated

specific activity of probe = 1.9 x 10 9 cpm/ug of DNA
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sample was also positive by the dot blot assay.	 Both

clarified water samples produced CPE in cell culture,	 but

sample #4 was negative by dot blot assay, while sample *3 was

positive.

Only one of the four finished water samples produced CPE.

Virus was detected in all four water samples by the dot blot

assay (Table 18).

Reclaimed Wastewater

Thirteen different reclaimed waste water samples

were assayed both by tissue culture methods and by dot blot

assay. Four of the samples, (lb, 2b, 3b, 4b), were samples

that were taken before they were chlorinated at the Roger

Road Reclaimed Wastewater Plant. These samples did however

contain low levels of free chlorine (less the 0.5mg/1) that

was added during normal disinfection at the Roger Road water

treatment plant. The other 9 samples were post Reclaimed

Wastewater Plant chlorination and contained free chlorine in

amounts greater then 1.5 mg/l. All samples, except #10, were

negative for virus when assayed by the tissue culture

technique. Samples #3a, #3b, #7, *9, and #10 were positive

by the dot blot formation as indicated in Table 19.
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Table 18

Detection of Naturally Occurring
Enteroviruses in Mexican Water Samples*

Sample Type of
	

Vol.	 MPN/
	

Dot
Sample
	

(L)
	

ml
	

Formation

6	 Raw	 67 	3.0x10

4	 Clarified	 111	 7.4x10-2	 +

30	
,,	 37	 3.6x10_1
	 _

8	 Finished	 416	 0	 +

14	
,,	 549	 0	 +

22	
,,	 375	 9.8x10-2	 +

109	 527	 0	 +

* Indicated volumes of the sample were filtered through a 1

MDS filter and eluted with 3% beef extract pH 9.5. The
eluent was then transported to the lab on ice where it was
further concentrated by organic floculation to a final volume
of 30 ml.

Raw water is surface water which was actively contaminated
with raw sewage and has not undergone any treatment.

Clarified water is raw water which has been mixed with alum
and setteled by gravity.

Finished water is clarified water which then undergoes dand

filtration and disinfection by chlorination.

specific activity of probe = 2.3 x 10 9 cpm/ug of DNA



Table 19

Detection of Naturally Occurring Enteric
Viruses in Reclaimed Waste Water from
Roger Road Reclaimed Waste Water Plant*

Sample
	

MPN/
	

Dot
ml
	

Formation

la	 0

lb	 0

2a	 0

2b	 0

3a	 0

3b	 0

4a	 0

4b	 0

6a	 0

7a	 0

8a	 0

9a	 0

-110a	 5.3x10

* Approximately 100 gallons of reclaimed water was passed
through a 0.45 um Filterite pleated	 cartridge	 filter
according to the methods of Sobsey and Glass, (1980).
Eluates were concentrated to a final volume of 30 ml by
organic floculation

a-prior to reclaim plant chlorination

b-post reclaim plant chlorination

specific activity = 2.6 x 10 9 cpm/ug of DNA
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Unchlorinated Ground Water

Four samples from Columbia (19-22) were tested both

by cell culture and by the dot blot assay for the presence of

enteric viruses. The samples were untreated ground water

samples which were pumped to the surface from covered wells.

All four samples were positive by cell cutlture and dot

formation (Table 20).

WR samples were 10 samples taken from the west side

of Tucson AZ. They were untreated ground water which may

have been contaminated by infiltration of the nearby Santa

Cruz River. All 10 samples were first assayed by the dot

blot technique to screen for viruses. Sample WR-64 was

positive (Table 20) and was confirmed by cell culture assay

according to the Methods section. The other nine samples

were negative by dot blot formation and tissue culture.
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Table 20

Detection of Naturally Occurring Enteroviruses in Ground Water*

Sample	 Enterovirus Detection 	 Dot Formation, dilution
by Cell Culture	 of original sample

10 0 10-1 10-2

19	 +	 +

20	 +	 +	 +	 -

21

22

WR60

WR61

WR62

WR63

WR64

WR65

WR66

WR67

WR68

WR69

-

-

- ND	 ND

- ND	 ND

- ND	 ND

- ND	 ND

+	 ND	 ND

- ND	 ND

- ND	 ND

- ND	 ND

- ND	 ND

- ND	 ND

+

+

-

-

-

-

+

-

-

-

-

-

* From 6 to 400 liters of groundwater were processed through 1 MDS
Virozorb filter and filter eluates were concentrated to a final volum
30 ml

a-samples 19-22 are groundwater samples
from covered wells from Columbia.

Samples WR60-WR69 are groundwater samples from Tucson Az.

ND = Not Done



DISCUSSION

Documented waterborne transmisson of viral diseases

has continued to increase during the last decade	 (Hurst,

1983). Current methods for virus detection, such as cell

culture, require days to weeks for enteric virus isolation.

In addition, many viruses of concern (eg., Norwalk agent) do

not grow in conventional cell culture lines or do not produce

visable cytophathic effects (eg., hepititis A virus). Many

rapid techniques such as flourescent antibody (FA), enzyme

linked immunosorbent assay (ELISA) and radioimmunoassay (RIA)

lack the needed sentivity for detection of low numbers of

viruses and require the production of specific antibodies for

each type of virus.

Recombinant DNA technology now makes it possible to

use gene probes to produce an assay system which is both

sensitive and rapid. Traditionally gene probes have been

used for the detection of nucleic acids (either DNA or RNA)

which have been separated by electrophoresis and then

transferred to nitrocellulose (Southern, 1966). In this

study, gene probes were used to detect viruses in

contaminated water. The probe used in this study was the

poliovirus cDNA inserted into the plasmid vector pBR322.

92
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One advantage of using the entire plasmid with the

poliovirus insert rather than just the poliovirus cDNA alone,

is to allow for an in vitro amplification system in the

following way: Complementary sequences of the probe will

hybridize to target DNA or RNA which is bound to the

hybridization membrane. On one or both ends of the cDNA

probe will be the plasmid pBR322 sequence, which has also

been uniformly labeled with 32P. These free plasmid ends do

not have membrane bound DNA or RNA to hybridize to, hence,

they are available to hybridize with excess plasmid DNA. The

continual hybridization of complementary strands of the cDNA

probe forms a net work structure. This network structure

collects large numbers of 32 P labeled molecules in one area

providing an in vitro amplification signal (Figure 9 ). This

assay system is at least 100 times more sensitive than has

been previously reported (Flores et al., 1983).

Choosing a Label for the Probe

The cDNA probes which are labeled to the highest

specific activity should theoretically be the most sensitive.

Originally 35 S thiophosphorylated dCTP was chosen as the

label for the probe because it has a much longer half life

than 32 P (87.2 days vs 14 days) and has a relatively high
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energy value, but not greater than 32 P. When 35S dCTP was

used, the nick translation reaction was increased to 4 hours

incubation rather than the 90 minutes used for 32P. The

increased incubation time was to compensate for the much

lower kinetics of the polymerase I enzyme when the

thiophosphate is used (Vincent, 1982). The DNA polymerase I

kinetics are reduced in the presence of 35 S dCTP because of

an increase in size of the dCTP, which is caused by the

replacement of an oxygen atom by a sulfur atom. Even with

increased incubation times, the specific activity of the 35 S

labeled cDNA probe was still one log less than the specific

activity of the probe labeled with 32 P, thus 32 P and not 35 S

was chosen as the label. The lower specific activity of the

cDNA probe may have been due to the lower specific activity

of the isotope, or the lower enzyme kinetics.

Commercially available 32 P dCTP comes in two very

high specific activities, 3000Ci/mMole and 6000Ci/mMole.

Since the probe with the highest specific activity should be

the most sensitive, nick translation was performed using 32 P

with both specific activities. Unfortunately 32 P at 6000

Ci/mMole was twice as expensive as 32 P at 3000 Ci/mMole. •The

results of labeling with the two different specific

activities can be seen in Table 2. The specific activity of

the probe did not increase significantly when 32 P dCTP

specific activity 6000 Ci/mMole was used compared to the
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probe that was constructed with 32 P dCTP specific activity

3000 Ci/mMole. Also 32 P dCTP 6000 Ci/mMole was at 1/2 the

concentration of the 32 P dCTP 3000 Ci/mMole. Thus to achieve

the same concentration of 32P dCTP specific activity 3000

Ci/mMole, twice as much 32P dCTP 3000 Ci/mMole would be

neccessary. This made 32P dCTP specific activity 6000

Ci/mMole almost 4 times as expensive as 32P dCTP specific

activity 3000 Ci/mMole. The nick translation was done using

32 P dCTP specific activity 6000 Ci/mMole at half the molar

concentration of 32 P dCTP specific activity 3000 Ci/mMole.

The lower concentration of dCTP was used because it was

important to keep the costs of the dot blot assay to a

minimum, making it more affordable to smaller,less populated

communitties. The lower concentration of 32 P dCTP may have

affected the DNA polymerase I activity, by limiting the

concentration of a particular neucleotide.

DNA polymerase I has three activities:

1) 5' to 3' polymerase activity

2) 5' to 3' exonuclease activity

3) 3' to 5' exonuclease activity

The 5' to 3' polymerase actvity will block the 3'	 to 5'

actvity during polymerization. If however, the enzyme is

"held up" because 1 deoxy-nucleotide triphosphate is at a

limiting concentration, the enyzme can begin 3' to 5'

exonuclease activity and begin removing nucleotides. When
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32 P dCTP at a specific activity of 6000 Ci/mMole was used,

the limiting concentration of the nucleotide may have forced

the enzyme to begin 3' to 5' exonuclease activity. The net

result may have been a lower percentage of incorporated label

when using 32 P at a specific activity of 6000 Ci/mMole rather

then the 32 P at a specific activity of 3000 Ci/mMole.

A second alternative for increasing the specific

activity of the probe without substantially increasing the

cost of the assay system is by using two 32 P labels, dCTP and

dATP both at a specific activity of 3000 Ci/mMole. Data in

Table 3 show that when both labels were used, there was a 3.5

fold increase in the specific activity of the probe when

compared to using 32 P dCTP alone. This increase resulted in

approximatly 1 log greater sensitivity of the assay system.

Upon comparing the sensitivity of the system with the

cost of labeling the probe, there seems to be greater

benefits by using two labels at 3000 Ci/mMole rather than

one label at a specific activity of 6000 Ci/mMole. The

specific activity was greater with two labels rather than

with one label. The price of using both labels was almost as

expensive as using one label alone. There are additional

savings when using both labels rather than one. When using

one label, dATP which is not labeled must also be purchased

and added to the nick translation reaction. This is not

necessary when both labels are employed, because 32 P dATP is
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already included in the nick translation reaction.

Spotting the Sample

The dot blot assay was sensitive enough to detect 5

fg of viral RNA spotted onto Gene Screen Plus in one 2 ul

application. For the dot blot assay to be practical, larger

quantities of a sample need to be spotted without a loss in

sensitivity. Environmental samples are usually concentrated

to a final volume of 5-30 ml. It is the practice in our

laboratory to only assay half of the sample at one time for

viruses and the other half for later assay in case the first

sample is lost due to bacterial contamination.

It would be impractical to try to spot a 2.5 ml

sample in 2 ul applications. Commercially available dot blot

manifolds can apply a 400 ul sample to a hybridization

membrane very rapidly with the aid of suction. Two dot blot

manifolds (BRL and Bio Rad) were evaluated to determine if

their use would decrease or interfere with the sensitivity of

the assay system. The BRL manifold continuously leaked from

well to well when applying the sample, even with the aid of

vacuum suction. This was attributed to a fault in the design

of the dot blot apparatus itself, as BRL had mentioned that

30% of all their dot blot purchasers had the same problem
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(personal communication).	 BRL has now	 replaced	 their

manifold with a newer model which does not have this problem.

The Bio Rad manifold contained a siliconized gasket

to prevent well to well leakage. It worked so well that the

diameter of the dot created from the dot blot appararus was

only slightly larger then the diameter of the dot created

from a single 2 ul application. The use of the Bio Rad

manifold did not decrease the sensitivity of the assay

system. As few as 5 fg of poliovirus RNA were detected when

the sample was applied either with the hand pippet or with

the aid of a dot blot manifold.

Hybridization Membranes

There are a wide variety of nylon backed membranes

now available on the market. Three different membranes were

evaluated for their effects on the sensitivity of the dot

blot assay: Gene Screen Plus, Nytran, and Biodyne A. Figure

2 illustrates the results of all three membranes for their

ability to detect poliovirus RNA. Biodyne A and Nytran show

a lower background than Gene Screen Plus when subjected to

equal stringency washes. The increased background did not

seem to affect the sensitivity of the system, since only Gene

Screen Plus was able to detect 5 fg of RNA. The increased
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background seen with Gene Screen Plus may indicate that this

hybridization membrane has a tighter binding affinity for

nucleic acids, and hence was able to retain the small

quantity of RNA spotted, while the other two membranes may

have lost the RNA during washing.

Exposure Time

When x-ray sensitive film is exposed to 32p, a

blackened area will result upon development of the x-ray

film. The longer the x-ray film is autoradiographed, the

darker the spot will be after the film is developed.

Increased autoradiography time may increase the sensitivity

of the dot blot assay. However, time must be considered as

an important factor when developing a new technique for the

detection of viruses in water. To determine if the

sensitivity of the system would be affected by increasing

exposure times within a 48 hour period, four dot blots were

done as described in Methods and autoradiographed for the

indicated times (Figure 2). There was an increase of one log

detection between each of the 12, 24, and 36 hour exposures,

but there was no increase in the 48 hour exposure. There was

however, an increase in the intensity of the dots that were

produced with a 48 hour exposure over a 36 hour exposure.
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The sensitivity of the assay system did not increase with a

48 hour exposure and so 36 hours was chosen as the exposure

time to be used for the assay system.

Detection of Poliovirus

Poliovirus which was grown in Hela cells and diluted

in DEP water was assayed by both the pfu method, as described

in the Methods section and by the dot blot technique, to

compare the sensitivities of the assay systems. Table 7

shows that the dot blot assy was as sensitive as the pfu

method and the particle count indicated a particle to plaque

forming unit ratio of 100 to 1.

The high degree of sensitivity of the dot blot assay

for virus detection is because the virus does not first have

to be grown in cell culture, making it possible to detect

both infectious and non-infectious viruses. Viruses which

cannot replicate in cell culture, such as defective

interfering particles, but sill	 contain a portion of the

genome, may be detected by the dot blot assay.

However, phenol/chloroform extractions can reduce the

sensitivity of the dot blot assay. Poly A regions which

occur near the 3' end of the poliovirus genome may remain in

the organic phase during protien extraction. These viral
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genomes are then lost when the organic phase is removed.

Protiens may also decrease the sensitivity of the

assay system. They may cover the RNA prventing hybridization

to the probe.

Tapwater concentrates were assayed using both the

pfu method and the dot blot assay. The sensitivities of both

appear to be equal. Tapwater concentrates from Tucson tap

water do not appear to contain substances which would

interfere with the dot blot assay.

In the begining of the study it was unclear if beef

extract was contributing to or	 interfering	 with	 dot

formation.	 To determine if beef extract was affecting the

dot assay, two one liter flasks of 3% beef extract,	 one

containing poliovirus the other without, were concentrated by

organic flocculation.	 The two concentrated samples were then

assayed by the pfu method and the dot blot assay.	 The beef

extract concentrate that did not contain virus showed no

plaques when assayed by the pfu method and created no dots

when assayed by the dot blot technique. This indicates that

beef extract does not create false positive results or

enhance the development of a positive dot. The beef extract

concentrate which did contain virus was also assayed by both

methods. The dot blot assay seemed to be as sensitive as the

pfu method. This indicates beef extract will not interfere

with detection of viral nucleic acids by a cDNA probe.
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Confirmation of Positive Dots

RNA is not stable at a pH value of 8.0 or greater.

At an alkaline pH, RNA undergoes hydrolysis and is degraded.

DNA, on the other hand is stable under alkaline conditions.

Treating a dot blot with sodium hydroxide will destroy any

RNA which has been blotted onto the paper. This approach was

used to confirm positive samples. Membranes which contained

a positive dot were soaked in sodium hydroxide and

re-autoradiographed for 36 hours. Pre and post treated dot

blot films were compared to determine if the dot had

disappeared during base hydrolysis.

The second approach to demonstrating that the cDNA

probe is hybridizing to RNA and not pBR322 from natural

isolates is to first probe with pBR322 and then

autoradiograph the results. After autoradiography is

complete, the dot blot is reprobed with the poliovirus cDNA

probe. If positive results were not produced from probing

with pBR322, then p8R322 DNA was not spotted onto the sample.

If probing with poliovirus cDNA yields positive results, it

is from the hybridization of probe cDNA to viral RNA.

Samples from Roger Road Reclaimed Wastewater Plant were

confirmed positive for virus and not pBR322 by this method.
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Cross-Hybridization

Some enteric viruses share common viral nucleic acid

sequences in their genome.	 This makes it possible to detect

more than one virus with use of only one	 probe	 as

demonstrated in Table 9.	 The dot blot assay does not

differentiate which viruses are in the spotted sample.	 This

is not important because the dot blot assay was developed to

detect any enteroviruses which should not be present in a

water supply. If a positive dot is formed, the results imply

viral nucleic acids are present in the sample being tested.

Table 11 also demonstrates that the presence of RNA

coliphages will not produce false positive results.

Effect of Chlorine on the Ability of Gene Probes 

to Detect Poliovirus

Chlorine is the most widely used method of water

disinfection. Viruses can be inactivated by chlorine through

wo different mechanisms. One mechanism is destruction of

the viral protein coat from oxidation by the chlorine (Floyd

and Sharp, 1979). The second mechanism of viral inactivation

is by damaging the nucleic acids,	 thus preventing viral

replication (O'Brien and Newman, 1979).	 The dot blot assay
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will detect both infectious and non-infectious viruses. This

may restrict the use of the assay system for non-disinfected

waters. This is necessary since reclaimed wastewater or

secondary effluent, if treated with chlorine, may contain

levels of inactive viruses which would be detected by the dot

blot assay. If chlorine disinfection was able to destroy the

nucleic acids of enteric viruses, so that detection was no

longer possible by the dot blot assay, then perhaps the dot
-

blot test could be used for detection of viruses	 in

chlorinated water.

Figure 7 shows the effects of chlorine on viruses

which are assayed by the dot blot technique. There appears

to be a decrease in the detectable amount of nucleic acid for

the sample which was in contact with chlorine for 60 minutes.

This may not represent what actually happens with natural

isolates since the free chlorine level	 in this study was

greater then what is usually found in secondary effluent.	 In

addition these viruses were diluted in water and suspended in

a medium which did not contain the organic material that

would be found in sewage or secondary effluent. This is

important	 since	 organic	 substances	 can	 reduce	 the

effectiveness of chlorine.
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Use of Gene Probes for the Detection of Naturally

Occuring Enteroviruses 

Natural isolates of E. coli are known to contain

sequences in common with the drug resistant plasmid pBR322.

The probe used in this study was a combination of poliovirus

cDNA along with the plasmid vector pBR322 to yield an in

vitro amplification step. This type of probe has the

potential to form a number of false positive results by the

hybridization of naturally occurring antibiotic resistant

genes to the labeled cDNA probe. To prevent this from

occurring, the sample was centrifuged at 10,000 x g for 15

minutes to pellet bacteria.

If drug resistant genes were found to be present and

caused false positive results, the sample would have been

treated with DNase prior to protein extraction. However,

drug resistant genes did not interfere with the dot blot

assay nor did they appear to produce false positive results.

This was determined in the following two ways 1) known

sewage contaminated samples from Mexico and Ina Road Sewage

Treatment Plant were assayed using the dot blot technique and

cell culture. A positive result (dot formation) was

confirmed by treating the dot blot with sodium hydroxide as

described in the section on Methods.	 2) Reclaimed water

samples were probed with a labeled pBR322 probe first.	 The
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results of the assay were autoradiographed and the blot was

then reprobed with labeled poliovirus cDNA along with the

plasmid vector pBR322. Both methods indicated that the dot

formed was from the hybridization of poliovirus cDNA to viral

RNA and not from the hybridization of probe cDNA to plasmid

pBR322 DNA.

Detection of Hepatitis A Virus

Current epidimiological evidence for waterborne

transmission of human enteric viruses is limited to a few

types of viruses, one of which is HAV (Gerba et al., 1985).

Unfortunately HAV does not form CPE in cell culture and

alternative methods must be used to detect the virus.

Diagnostic laboratory tests, such as FA or RIA, are

not sensitive enough to detect the low levels of virus

normally found. A more sensitive method, such as RIFA, can

require up to three weeks for results. The dot blot assay is

an alternative technique which would allow for the rapid

detection of HAV in untreated drinking water samples. A

thirty six hour exposure of the dot blot to x-ray sensitive

film is the minimum time required to detect hepatitis A virus

with the same sensitivity as RIFA (Figure 4).
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Detection of Naturally Occurring Viruses 

Initial experiments	 indicated that	 the dot blot

assay could detect laboratory strains of poliovirus with the

same sensitivity as tissue culture.	 To determine if the same

sensitivity would occur with natural isolates, using the

poliovirus cDNA probe, a variety of known positive and known

negative water sample concentrates were assayed by the dot

blot technique.

As previously mentioned, the dot blot assay does not

differentiate between infectious and noninfectious viruses.

Chlorinated samples which were negative by tissue culture,

but positive by the dot blot assay, may have contained

inactivated viruses which were detected by the cDNA probe.

Ground water samples from Colombia and the WR

samples from Tucson, were unchlorinated drinking water

samples and should have been free from virus contamination.

Positive results from the dot blot assay denote only a

qualitative assessment of the water sample, i.e., presence or

absence of virus. This is sufficient because the ground

water samples were not suspected of containing any viruses,

infectious Or non-infectious. One sample, WR-64, was

positive by this technique and was confirmed positive by cell

culture. The WR samples are a good example of how the dot

blot technique can be used as a rapid and inexpensive method
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for the screening of undisinfected environmental samples.

Significance 

Current techniques for the detection of enteric

viruses in environmental samples are time consuming and often

not sensitive enough to detect the low numbers of viruses

that are often found in contaminated drinking water. In this

study, it was demonstrated that gene probes which are labeled

to a very high specific activity with 32 P dCTP and 32 P dATP

are capable of detecting the equivalent of one infectious

unit of poliovirus from water. This type of assay system can

be used in certain areas, such as Tucson, Arizona, where

ground water which is not chlorinated is used as the only

source of drinking water. This assay system may also be used

in emergencies when water is scarce due to natural disasters.

The system could indicate if viruses are present in the

drinking water. Finally, gene probes provide a rapid and

sensitive method for detection of viruses which either do not

grow in cell culture, or do not produce CPE in cell culture,

and require additional detection methods, such as RIPA.

Environmental water samples which are extracted and

spotted using the procedures developed in this study can be

qualitatively assayed for the presence of virus with the use
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of cDNA probes. The dot blot assay does not differentiate

between infectious and noninfectious viruses and its use is

limited to undisinfected environmental samples.

Upon comparison with cell culture methods, the dot

blot assay is quicker, requiring only three days for results

and less expensive. Current methods requiring cell culture

assay for enteric viruses can cost as much as $200.00 per

sample. The dot blot assay may cost as little as $10.00 per

sample (Gerba, personal communication). If a cost comparison

is done between cell culture and the dot blot assay for the

WR samples, it becomes evident how much money can be saved by

using the dot blot assay. At $200.00/sample x ten samples,

it would cost $2000.00 to assay all the WR samples by the

cell culture method. By first screening the samples with the

dot blot assay at $10.00/sample, the cost of the WR samples

is only $300.00, $100 for the initial screening and $200.00

for cell culture confirmation of the sample positive by dot

blot. It is important that the dot blot assay significantly

reduces the cost of testing for enteric viruses in drinking

water. Small towns which rely on ground water as their main

source of water, may not be able to afford the higher price

of cell culture analysis, and if not provided with a more

affordable test, may have to forego testing altogether.



APPENDIX A

ORGANIC SOLVANTS

Phenol

Phenol was prepared according to the procedures

described in Maniatas (1982). With this procedure,

8-Hydroxyquinoline is added to a final concentration of 0.1%.

The phenol is then extracted several times with an equal

volume of buffer (usually 1.0 M TRIS-HCL (pH 8.0), followed

by 0.1 M TRIS-HCL (pH 8.0) and 0.2% beta- mercaptoethenol)

until the pH of the aqueous phase is > 7.6.

Chloroform/Isoamyl alcohol

Chloroform was prepared	 by	 mixing	 24	 parts

chloroform with 1 part isoamyl alcohol.
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Phenol/Chloroform

Phenol/Chloroform was made by mixing 1 part phenol

with 1 part chloroform/isoamyl alcohol.

Water Saturated Ether

Water saturated ether was prepared by mixing 100 ml

of absolute ether with 25 ml of DEP water.



APPENDIX B

PREPARATION OF MEDIA

Luria Broth

10 gm Tryptone

10 gm NaC1

5 gm yeast extract

Dissolve ingredients into 800 ml of water, pH to 7.2

with NaOH or HC1 and bring volume to 1 L. Autoclave for 30

minutes and when media cools to 45 C, add tetracycline to a

final conc. of 12.5 ug/ml.

Top agar

1.4% agar (Bacto, Difco Laboratories,	 Detroit, MI)

is dissolved in Joklik MEM and is autoclaved for 20 minutes
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Bottom agar

100 ml of 1.8% agar (Bacto, Difco Laboratories, Detroit,

Mich.)

100 ml 2X MEM

10 ml of horse serum

Combine all ingredients and pour into 25 ml round

tissue culture plates.

Leural Agar

Same as broth but add Agar to a 2% concentration.



APPENDIX C

ENZYMES

Lysozyme

50 mg of lysozyme (SIGMA, St. Louis, MO)

5 ml of DEP water

Add lysozyme to water and place in 37 ° C water bath
with constant agitation until lysozyme is dissolved.

Deoxyribonuclease I

1 mg of DNase (Bovine Pancreas, Pharmacia, Piscataway, NJ)

0.5 ml of 50% glycerol

0.5 ml of water

0.15 M NaC1
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DNA Polymerase I

1 ul of DNA Polymerase I (E .„ coil, Pharmacia, Piscataway,

NJ)



APPENDIX D

BUFFERS AND REAGENTS

25% Sucrose Solution

25 gm of sucrose

100 ml of a 50 mM TRIS-HC1, pH 8.0 solution

Combine all ingredients and autoclave for 15 minutes.

0.25 M EDTA

87 gm of EDTA

100 ml of water, pH 8.0

Mix water with EDTA and autoclave for 15 minutes.

Triton Lytic Mixture

10% Triton X-100

62.5 mM EDTA
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50 mM TRIS-HCL

in DEP water, pH to 8.0

Ethidium Bromide:

50 mg Ethidium Bromide

5 ml DEP water

TRIS Buffer:

10 mM TRIS-HC1

O .1 mM EDTA

in DEP water, pH to 8.0

Nick Translation Buffer:

O .5 M TES pH 7.8

50 mM MgC12

O .5 mg/ml BSA

in DEP water
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TE Buffer

20 mM TRIS-HC1, pH 8.0

2mM EDTA

in DEP water

Prehybridization Buffer

50% deionized formamide *

1% SDS

1 M NaC1

10% dextran sulfate

in DEP water

Combine all ingredients and autoclave	 for	 15

minutes.

*Formamide was deionized by mixing 25 mg of Amberlite

with 100 ml of formamide for 30 minutes. The Amberlite was

removed by filtration. The formamide was stored in 50 ml

polypropylene tubes at -20 0 C until needed.

Hybridization Buffer

To the prehybridization solution was added denatured

salmon sperm DNA. The DNA is denatured by placing the tube
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containing the DNA into boiling water for 10 minutes.	 After

10 minutes the DNA was cooled on ice for 5 minutes.

2X SSC

0.3 M sodium chloride

0.03 M sodium citrate

In DEP water

A 1:20 dilution of 2X SSC made in DEP water
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