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Abstract:

Oligonucleotide probes complementary to a unique region of Tritrichomonad 16S-18S small-subunit
ribosomal RNA were used to develop a nucleic acid-based assay for detection of T. foetus infection
within the bovine. These probes bound specifically to whole-cell ribosomal RNA of T. foetus and not
to rRNA from bovine cells or RNA from Trichomonas vaginalis. Initially, a diagnostic assay which
utilized a polymerase chain reaction (PCR) format was examined and rejected due to recovery,
reproducibility, and contamination problems. A RNA assay was developed that is able to detect as few
as 50 organisms without amplification of the target nucleic acid. The sensitivity and accuracy of the
RNA assay was examined in comparision to the conventional microscopic/culture assay. Mock testing
results revealed a detection rate of 98.6% of T. foetus positive samples using the RNA assay compared
to 27% by the conventional microscopic/culture assay. Storage of samples at room temperature or 4°C
for four days had no effect on the RNA assay whereas detection by the microscopic/culture assay
dropped to 7% indicating the sample used in the microscopic/culture assay must be kept at 37°C in a
low oxygen environment to prevent analytical problems due to parasite death. Field studies included
samplings of two herds (104 cows) from eastern Montana (case study 1) and one herd (86 cows) from
western Texas (case study 2). The RNA assay detected a 17% infection rate in herd two of case study 1
and a 52% infection rate in case study 2. The levels of infection in these herds was generally below the
estimated detection limit of the microscopic/culture assay indicating that a large number of false
negatives would likely result using the conventional diagnostic protocol.
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- ABSTRACT

Oligonucleotide probes complementary to a unique region of Tritrichomonad 16S-18S°
small-subunit ribosomal RNA were used to develop a nucleic acid-based assay for -
detection of T. foetus infection within the bovine. These probes bound specifically to
whole-cell ribosomal RNA of T. foetus and not to TRNA from bovine cells or RNA from
Trichomonas vaginalis. Initially, a diagnostic assay which utilized a polymerase chain
reaction (PCR) format was examined and rejected due to recovery, reproducibility, and-
contamination problems. A RNA assay was developed that is able to detect as few as 50
organisms without amplification of the target nucleic acid. The sensitivity and accuracy
of the RNA assay was examined in comparision to the conventional microscopic/culture’
assay. Mock testing results revealed a detection rate of 98.6% of T. foetus positive
samples using the RNA assay compared to 27% by the conventional microscopic/culture
assay. Storage of samples at room temperature or 4°C for four days had no effect on the
RNA assay whereas detection by the microscopic/culture assay dropped to 7% indicating
the sample used in the microscopic/culture assay must be kept at 37°C in a low oxygen
environment to prevent analytical problems due to parasite death. Field studies included
samplings of two herds (104 cows) from eastern Montana (case study 1) and one herd
(86 cows) from western Texas (case study 2). The RNA assay detected a 17% infection
rate in herd two of case study 1 and a 52% infection rate in case study 2. The levels of
infection in these herds was generally below the estimated detection limit of the
mlcroscoplc/culture assay indicating that a large number of false negatives would hkely
result using the conventional d1agnostlc protocol




1
INTRODUCTION

Bovine trichomoniasis, caused by the obligate protozoan parasite, Tritrichomonas

foetus, is a significant disease problem of cattle throughdut the United States
(1,3,13,17,19,36). Clinically, the disease results in early embryonlc ’d.eath, transient
infertility, pyometra and gborﬁon. The disease is nol manifested clinicélly in bulls and
thus, they may perpetuate the infection undetected (36). The economic impalct of lhis
disease on the United States beef industry is estimated to be $650 million énnually 37).

In a recent example, an epizootic of trichomoniasis was repovrted' in a large dairy herd
in California, which tesulted in an estimated economic loss of $66,538. ’l‘he greates_t"
losses were attributed to infertility. The disease continued in the herd despite cullling
older bulls and the institution of an artifical insemination breeding proglam for two high-
production strings (13). |

In another example, approximately 5,000 cows and 300 bulls in the San Joaquip
Valley of California were diagnosed as having trichomoniasis based on the isélation of
the causative organism from bull preputial smegma samples. Two hundred eighty cows
from this herd were chosen for investigation. Theé calving .rate for the preceec'lin.g
breeding season was 84%. During the season in question, the 'pr'egnancy rate for the
same group was 78%. The 6% lower calving rate represents a $5,600 eéonomic loss in
this 280 cow herd (36). | |

At the present time the only accepted means of detecting the prese_ncé of T.'fc_)etusl
within the bovine is through microscopic examination. Microscdpiq_ detection often

depends on successful culturing of T. foetus from venereal samples; a dif‘ﬁcult‘ and often
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unreliable procedure. Although relevant antigens of T._ foetus afe being examined fer
diagnostic applications, no antibody-based test is currently com.l'percially avaliable. An
efficient diagnostic assay, however, is critically needed because the disease. is increasing
in prevalence across the western states. In addition, the evaiuation of the efﬁcécy of
poteﬁtial vaccines will be hampered without a reliable diagnostic method. A DNA or .
RNA-based assay could potentially fulfill this need. This type of assay will detect low
numbers of T. foetus without the need to precﬁlture and with the lack of background
cross-reactivity which can affect immunological-based assays. Further, only actively
infected cattle will show a positive response unlike a serotest which detects‘ both currently

infected cattle as well as cattle which have had previous contact with the pathogen.
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LITERATURE REVIEW

Tritrichomonas foetus is a flagellate protozoan (Protozoa: Zoox-nastogophoréa) whicii
can be identified by its morphological characteristic':s‘; 'including a f.ecﬁrrent 'ﬂégellufn
attached to the body by an undulating mémbrané and three ante;ior ﬂagella. an. 1
foetus multiplies equusively by simple binary cell _ﬁssibn. The size‘ qf the orgénism is
small, generally 10 to 25 by 3 to 15 pm, exists only in the' form of a tr‘ophdzoite.'L
foetus is transmitted between cows to bull§ by sexﬁal _intércourse (éoitus), therefore ;he;
probability of their being transmitted through contamiﬁéted bedding ’br g;ther species of
animals is remote. Upon introduction into the -r'épr;)duct'ivlel tract of acow, the
Tritrichomonads :gproduce in the vagina wﬁefe tﬁéy may cause \-/ag_init;is. If the animal
is preénanf, the organisms may invade the uterus and infect the dey;elopix;g fetps. Usﬁall)’l
when this happens, the cow will-abort during the first 16 weeks of Qregynanc/y '(gestgtion
in cows takes about 37 weeké). If abortion takes place; the cow-will ‘ﬁéual_ly'be free lof '
infection after two estrus cycles (about 42 'days). Infeéted bulls present 2 pafticﬁlarly
difficult problem. Usually the bull is removed. from thg hefd_ unlesé itA isa bérticu‘larly
valuable breeding animal. In a clean herd it is eséential that any bﬁll b§ing~ introduced. :

into it be examined for Tritrichomonad infection. As a general n_ile, bulls to be purchased

- are examined for fertility and for venerally infectious agents such as T, foetus‘(22)'. '

T. foetus has been the subjeét of biochemical irivestigatibns _%\ldng with othe;
flagellates of the Order Trichomonadida. The genome size of T. foetus, about 2.5 x 1(-)7-

base pairs, is similar to Trypanosoma brucei, and about six times larger than E. coli.
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T. foetus DNA shows a meltmg temperature (Tm) of 82°C correspondrng toa 31 % GC
content. DNA isolated from T. T. foetus demonstrates 35-42% hyperchromrclty when fully
melted and Cot (concentration versus time) analysis 1ndlcates the presence of repetrtlve-
sequences accounting for approximately 46.7% of the DNA (44).

T. foetus is distinctive in that it posseSSes'no mltoohondrial structnre but instead has
many mlcrobody-hke cytoplasmlc organelles termed’ - hydrogenosomes .The
hydrogenosomes contain, among many other enzymes, pyruvate dehydrogenase
ferredoxin and hydrogenase and constitutes an m_tegral part of energy-metabohsm in this
parasite. There is great interest in-the‘ biological' origin of -theSe hydrogenosomes and
their relationship to mitochondria. This has led to.a search for DNA in these organelles
(44) and has resulted in controversy Cerkasovava et al (4) have pubhshed electron‘
observations on circylar DNA from T. foetus hydrogenosomes, whereas Turner and

Muller (44) were unable to detect extranuclear DNA in bnlk DNA preparations.
Polymerase Chain Reaction (PCR) ‘

The PCR was invented by Kary Mulli's (25,26) and :orginally applierl by the Human
Genetics Department at Cetus to amplify'human B-gthin DNA: for diagnosis of sic'kle-
cell anemia. The PCR technique is an in vitro method in which DNA sequences are '
enzymatically amplified (up to 10" fold) directed by a pair of oligonucleotide primers.
Primers are typically 15 to 30 nucleotides in length and are complementary to sequences

defining the 5°-ends of the target DNA (49). Early experiments utilized the Klenow
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fragment of E. coli DNA quymeraseI to ex‘tend .th.e annealeci pri;flners‘.l This enzyme was
inactivated by the high temperature required to melt thc-:' two DNA f'stréndé él_t the onkset‘-
of each PCR cycle consequently, fresh enzyme had to be added during every c‘ycle-'.’ The' -
discovery of a 94 kdal DNA polymerase (Taq polymerase) from a the.rmophilic ‘
bacterium, Thermus aquaticus has eliminated this problérh (10). Taq polymerase'has a
specific activity of ca. 200,000 units/mg, good fidelity, a broad tempefature éptimum of
70°C-80°C (depending on template), and is currently the enzyme of ChoiceA for PCR
(49). In a typical reaction, the components (template, primers, Taq I;oiymerase,.dNTP’s
and buffer) can be assembled and tile amplification reaction carried out by s;imply cycling
the temperature within the reaction tube. For each pair of oligonucleotide primers the
optimal set of reaction parameters (eg. enzyme, primer and Mg*™* concentration as well

as the temperature cycling profile) must be determined to maximize the product yields.

DNA-based Diagnostic Assays

PCR has enabled scientists to realize the potential of clin_icdl DNA-based diagnosis
by producing enough of the target DNA sequences so that simple al;ld répid methods for
identifying these sequences could be employed. The specific amplification .'of DNA
sequences provides not only dramatic increases in the number of copies but c_oncomitantly
provides a nearly equivalent reduction in the complexity of the nucleic aéid to Be_ probed.
Either DNA or RNA (following the production of complementafy DNA using reverse

transcriptase) can be used as a template for amplification. The sensitivity of detection can
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be as low as a single pathogenic organism or virus particle per sample.:. Since,the first |
clinical application of PCR for the prenatal diagnosis of sickle-cell anem-i»a (34); there has
been a proliferation of PCR applications. PCR has been ai)plied to the ‘detection of se;urn
hepatitis B virus DNA in patients with chronic hepatitis(16‘).-_In the‘case- of chronic e
myeloid leukemia (CML) and some forms of acute ly'mphocytic (ALL) and -ac':ute nlylipd
(AML) leukemia, a chimeric mRNA (BCR—,ABL) indicating a particular chror_nosomal
translocation is found only in the leukemic cells of these patients. Sinee the speciﬁc
amplification of a "fusion" sequence (eg., BCR-ABL) is accomplisned- by nsi'ng one
primer complementary to the BCR sequence and the other to the ABL sequence ‘the PCR‘
amphﬁcatlon of thlS unique translocation encoded fragment is a powerful and sensitve
way to monitor minimal residual disease. ThlS assay is capable of detectmg one cell in
a million containing the fusion transcript (6). | | |
Another area where PCR is being applied is to distinguish closely related‘ organisms.
An example is the phylogenetlc evidence for the acqu1s1t10n of nbosomal RNA introns
subsequent to the divergence of some of the ma_]or Tetrahymena groups (40). The PCR _
method can also be used to detect the presence of parasitic organ1sms in the nucleic acid
background of the host organism. With the PCR method and a multicopy conserved gene
such as the ribosomal RNA genes, the number of cells required is. rematkably lcw. The
PCR amplification of a 16S-like rRNA coding region ffom a typical encaryotic
microorganism with a genome complexity of 1 x 10° bp.may require fewer than IQO cells |
to produce 0.5 ug of product (24). A relatively small number of nucleo‘tides

(approximately 80-100 nucleotides) representing a uniqne region of the TRNA genes of
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an organism are the only requirements needed to detect an infecting organism and

consequently, differentiate between the parasite and the host (20). -
Structure and Function of Ribosomal RNA

Ribosomes are large ribonucleoprotein structures that are involved in the translation
of the genetic code (50). Ribosomes are divided, both structually and flinctionally, into
a large and a small subunit. The best underétood ribosomal particle is the E. coli 30S

small subunit which is involved in the early steps of translational initiation and is the site

of codon-anticodon interaction (41). The E. coli 30S subunit is composed of a 16S
ribosomal RNA (rRNA) and 21 different ribosomal proteins which are assembled into
a complex three-dimensional structure held together by noncovalent interactions. In
recent years, the focus of lresearch on ribosomal mechanisms of action has shift_ed froﬁ
an emphasis on ribosomal proteins to ribosomal RNA as a result of a _-growing body of
evidence suggesting that rRNAs are the function-determining inole'cu_lles» in ribosomes
(43). :

Conserved nucleotide sequences in the small-subunit TRNA’s "r-'eﬂect conserVéd-
function. An example of this is the irteraction between the 16S rRNA of the E_c_ou 30S
subunit and mRNA. Direct evidence for the role of 16S rRNA in mRNA rtrans;lati_on was
provided by mutations within the pyrimidine-rich antiShine-Dalgarno _(aﬁti SD) regibn at
the 3’-end of the molecule. A single base mutation of C to U at pb'sition -153.8

dramatically reduced the synthesis of the cellular prbteins examilnéd. This was not due B
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to a reduction in the level of mRNA’s encoding these proteins but rath:er a reducﬁon in
initiation of mRNA tr_.ansiation (’7). Efficient translation of a mRNA. witﬁ' an altered SD
sequence (UGUGU) complementary to the mutated anti-SD s’eque_nce: of the plasmid-
borne 16S rRNA gene, demonstrated the functional cal;acity of the mutant ribosomes and -
the importance of the SD sequence for proper initiation (7). |

Footprinting (tRNA protection) experim‘ents with struc‘ture—spe.c-iﬁc :chémicalln probes
to study the molecular structure of the decoding reg’ioﬁ identified three glaQSés' of sifes .
in 16S rRNA that are shiclded as a consequeﬁce of the nonenzymafic (fééto‘r independent)
interaction of tRNA with the subunit: A site, P site and o;'erlapping tRNA aﬂd 50s
subunit regions. The experiments reveal nearly all of the sequences around 1400 (1392-

1400) are conserved in E. coli and mutations in this region affect subunit association.

Substitution of a G or A for C at position 1400 was found to inhibit ribosomal activity
by 80% and 50%, respectively (7). Insertions and deletions between 1)397 and 1404
completely blocked initiation-dependent peptide synthesis (fMet—Sér) but ma-rkedl'y
stimulated the initiation-independent reaction (Phe-Val). A modification that blocked all
ribosomal function was the deletion of G at 1401 (7).

These conserved regions in rRNA have allowed the alignment of sequences from
different organisms revealing variable regions which have been used to evaluate
evolutionary relationships (38). The rRNA genés are universally distributed and
functionally equivalent in all known organisms and d6 not appear to undergo lateral
transfer between species. The 16S-18S small-subunit TRNA’s in contrast to the 5S and

5.8S species, are particularly useful because they are relatively large (approximately 1500
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nucleotides) and provide a statistically significant number of variablehu@#otide posi_tioﬁ§ |
(39). |

While there is tremendous conservation of sequence within the rRNAs these
considerable species—speciﬁchregiops form the targets and’the basis for evolutionary
distance measurements and potential use in diagnostic applications. Thése regions are
used to design complementary DNA oligonucleotides which are in turn radiolabelled and
used to probe extracted RNA from a sample. To date researchers have developed this
approach successfully for the detection of the human malaria paraéites (20), Neisseria
gonorrhoeae infection (33) and Chlamydia (30). |

There are several advantages of rRNA-based diagnostic assays including the ability
to detect small numbers of cells. It has been estimated that there are about 10° copies of
the rRNA- molecules per Plasmodium parasite Which equates to foughly 0.2pg. This
allows the detection of fewer than 20 parasites, which represents minimally a'100-fold
increase in sensitivity over published procedures based on the hybridizz.ﬁion. to .r‘epet.iti've

DNA molecules (2), thus, low levels of parasitemia may be detected (4"8).‘.
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MATERIALS AND METHODS

Reagents

AmpliTaq thermal-stable DNA polymerase was purchased from Perkin-Eliner Cetus
Corporation (Norwalk, Conn). The deoxynucleotide triphosphates (HPLC grade) were
purchased from United States Biochemical (USB) (Cléveland, Ohio).. Yeast transfer
ribonucleic acid (tRNA) was purchased from Sigma (St. Louis, Missouri). Guan';.dine
isothiocyanate was obtained from Fluka (Roﬁkonkoma; New York').. Diethyl
pyrocarbonate‘(DEP) was purchased from Aldrich Chemical Company (Milwaukee, WI).
T4 polynucleotide kinase and terminal deoxynucleotidyl transferase were purchased fI‘OI;l
Pharmacia (Uppsala, Sweden). Oligonucleotides were synthesized with an ABI Model
381A DNA synthesizer (Applied Biosystems Inc., Foéper City, CA) by the Veterinar};'
Molecﬁlar Biology Laboratory (Montana -S't_ate University, Bozeman, MT).
Oligonucleotide éuriﬁcation was performed by two methods: 1.) Desalting@l); The -
lyophylized crude oligonucleotide mix from the synthesizer. is resuspended in TE
buffer(50mM Tris pH 7.5, 2mM EDTA) and NaCl is added fo ﬁnal"c.oncentratio.n of -
0.25M NaCl. The oligonucleotide is precipitated with é.S vols of ethanol, collected by
centrifugation, washed with 70% ethanol (v/v), and vacuum dried. The oli_gonucleotide
is then dissolved in TE buffer and the concentratiog dete;,rmined by " UV
spectrophotometry. 2.) Detritylation; During oligonucleotide synthésié‘t_he ﬁnal_S’—;rityl '

group is not removed. Shorter oligonucleotideé do not contain 5’-trityls énd,‘ therefore,
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may be removed by reverse phase column chr,oxﬁatogréphf uéi,ﬁg' t'he“NenS_Ol;bTM. prep
coiumn as described by the NensorbTM prep instruction manﬁal (DuPon'ﬂNﬁN, Boston,. -
MA). All solutions for DNA work were autoclaved prior to usé. Diethylpyrocarbonate
was used in the preparation of RNase free water according fo published procedures (21). o

Partial Cloning of T. foetus 16S rRNA Gene

Preparation and Isolation of DNA

| T. foetus, strains 85-330, CA84, VMC and NV (American Type Culture Cdllection,'
Rockville, MD) were used in the following studies. The éarasifes were cultivated at 37°C
- in Diamonds medium (8), pH 7.4, containing 5% fetal bovine serum. (HyClone
Laboratbries, Logan, Utah). Bovine monocyte cell line M617 (Ameriéan Type Culture
Collection_, Rockville, MD) was cultivated in RPMI-1640 Mediﬁm (Gibco, BRL. Grand
Island, N.Y.), 15% fetal calf serum at 38.5°C. Approximately 10® bovine M617 cells and
10° T. foetus parasites were lysed and DNA was isolated by the method of Wang et al
(47). Briefly, the cells were lysed in 1.0 ml of a 4.0M guanidinium thiocyanate solution
(GUISCN); (4M guanidine thiocyanate containing .0.5% lsar'cosyli '(W/v); 8% f-
mercaptoethanol (v/v) and 24mM Na citrate) at room ‘.temp(erature and ‘vo_rtexe'd for 10
sec. To the lysate CsCl was added to a final concentration of 0.4 g/ ml and dissolved at |
room témperature. A cushion of 2.5 mls of 5.7M CsCl containing 0. IM EDTA pH 7.5
was placed at the bottom of a Beckman SW41 ultracentrifuge tu‘be folloy?ed by 8 mls of

the CsCl/ cell-lysate mixture. The tube was centrifuged in a Beckman' SW-41 rotor at
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34,000 r.p.m. for 16 hr at 20°C. The viscous DNA band was collected carefully with

a pasteur pipette and the DNA solution extracted with an equal volume of waterfsaturated_
phenol/chloroform (1:1). The layers were separated by centrifugation in the Sorvall HB-4
rotor at 10,000 r.p.m. for 10 min. and the phenol/chloroform extraction repeated. The
final aqueous layer was then removed and imrhediately overlaid with two volumes of cold
(-20°C) absolute ethanol and the DNA recovered by spooling onto a glass rod. The-DN A
was dissolved in sterile TE buffer (50mM Tris-HCI1 pH 7.2, 2mM EDTA) containing'
0.5% SDS,.digested with 0..1 mg/ml proteinase K for 1 hr at 37°C, extracted with an
equal volume phenol/chloroform (1:1) and precipitated with 0.6 volumes of isopropanol.
The DNA precipitate was then collected by centrifugation ina Microfuge E vertical rotor
(Beckman Instruments, Palo Alto, CA) at 12,000 r.p.m. for 10 min. washed twice with
1.0 ml of 70% ethanol air dried for 2 min and d1ss01ved in 0.5 ml.of TE buffer The
DNA was checked by electrophoresis through a 0.8% agarose gel, using a 89mM Tris-
borate/2.5mM EDTA (TBE buffer) pH 8.3 running buffer and"comp'ared to A" Hind-III
DNA fragments size standards (9). The gel was run at 50 volts.for 2.5 hours, stained
with 0.5 pg/ ml of ethidium bromide in water for 30 min and viewed with a UV

transilluminator.

PCR Reaction and Thermal Profile

Target sequences were amplified in a 0.1 ml reaction volume confaining 10 to 100
ng of either T. foetus or bovine M617 DNA, 2.5 units of AmpliTaq polymerase, 0.2 mM

of each dNTP, 1uM of each primer, 50 mM KCl, 10mM Tris-HCl, 1.5mM MgCl and'
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0.1% w/v gelatin. The PCR thermal profile was as. follows; 2afte¥ 1n1t1a11y he:a‘_tirrig‘tyhe’ '
DNA sample to 95°C for 7.5 min, the reaction was cooled to 25_°("3'f0r'4.42’v53min to. |
allow hybridization of the primer/template. The .tempere’lture Wa; thén ra‘iséd t0-68°C for |
7.5 min to allow for polymerization and finally raised to 95°C for 2.5 min to begin the
cycle again. The cycle was repeated 40 times in a proérammable DNA thermal cycle_r:.:
(Perkin-Elmer, Norwalk, CT). PCR pr(;ducts were ahalyzed ona 1'.5%:agarose gel and |

compared to DNA standards.

M13 Cloning and Sequencing of the PCR Produéts

_ The.~ PCR products wére extracted with TE Buffer_ éa.turaltedjphenol and concentrated
by precipitation with ethanol (21). The samples were then resuspended in TE buffef and
digested with fIind-III. The digested samples were extracted with pﬁenol/cihl_oroform
(1:1), concentrated by éthanol precipitation and ligated into the replicative form (RF) of
M13mp19 (28) using T4 DNA ligase (New England Biolabs, Beverly, _MA) (21). Singie-
stranded templates for directing DNA synthesis in sequencing protqcois were prepared
using established protocols (51). Sequencing of the PCR.-prod.ucts was perf,qrmed using
the Sequenase enzyme and reaction prptocols (5 1). Seqqéncin’g- products wére‘:
electrophoresised on a 8% polyacrylamide/8M urea‘ sequeﬁding éél coritainidg a
continuous gradient of TBE buffer (0.5x-2.5x) (20). After_e,lect‘rophoresis‘ thé\gel &as
soaked in 12% methanol/10% acetic acid and then vacuum dried onto 3mm filter papér

and the radioactivé bands visualized by autoradiography.
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Assay Development

PCR Diagnostic Assay Protocol

A 10x extraction buffer (0.1 M Tris-HC1 [pI-ItS.O], 0.1 M EDTA, 0.1M NaCl, 10% -
SDS and 300 mM DTT) and proteinase K was adtled to each sample at a final
concentration of 1x buffer and 10ug/ml proteinase K. The sample was irtcubated at 37°C.
for 24 hours and then extracted with an equal volume of TE saturated phenol/chloroform
(1 1). The aqueous layer was removed and NaCl and yeast tRNA were added to final - |
concentrations of 0. 1M and 2.0 pg/pl, respectively. The DNA was prec1p1tated by*adding
two. volumes of cold (—20°C) absolute ethanol. The sample was centnfuged for 1 hour at
10,000 x g, washed once with 1.0 ml of 70% ethanol, air dried tor 2 min and dissolved
in 50 ul of TE buffer. PCR amplification was performed using a DNA ‘thermal cycler
andA AmpliTaq polymerase. The PCR solution contained 1x PCR arﬁpliﬁcation buffer
(10x buffer contains 50mM KCl, 100mM Tris hydrochloride A[pH 8.13], 15rt1M MgCll2 ‘
and 0.1% [wt/vol] gelatin) 200 uM each of the dNTP’s, 1 /.LM of eaeh'of the primers, |
25 pl of the sample DNA, 2.5 units of AmpliTaq DNA polymerase and sterile water.
Total reaction volume was 50 ul. Template DNA’e were initially d_ehatured at 94°C for
5 min. Then a total of 25 PCR cycles was run under the following 'conditiohs:
denaturation at 94°C for 1 min, primer annealing at 68°C for 1 min, and DNA exte_nsiqn

at 72°C for 3 min.
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Slot-blotting of DNA

To a 50 ul PCR reaction, 5 ul of 3M NaOH containing 0.1M EDTA were added,
incubated at 60°C for 40 minutes, after which 55 ul of 2M NH,OAc were: added. The
sample was diluted with 250 pl of IM NH,OAc. The sample was slot-blotted on
nitrocellulose filters (Schleicher & Scﬁuell Inc., Keene, NH) as described by the Bio-Dot
SF microfiltration instruction manual (Biorad Laboratories, Richmond, CA), air dried for
20 minutes and baked at 80°C fbr one hour or UV crosslinked at 120n‘1J'/cm2 for 30 sec.
Immgbilization of DNA fragments by UV crosslinking on the various. membranes was

performed with the Stratalinker 1800 (Stratagene, La Jolla, CA).

Hybridization of Probes

Nitrocellulose or Duralose filters were prehybridized in the following solution:
50mM PIPES (piperazine-N-N’-bis [2-ethane sulfonic acid]), 100rﬁM NaCl, 50mM
.sodium phosphate, 1mM EDTA and 5.0% SDS, for 60 minutes at the hybridization -
temperature. The prehybridization buffer was then discarded .and rcplaceq with fresh
hybridization buffer (same as above) containing 10° cpm/ml of end-labelled [y-P*’]-
oligonucleotide. Hybridization was carried out in a water bath for two hou"rs at the -
appropriate temperature. Following hybridization,' the filters were washed once for 10
minutes in 50 nﬂ of 5% SDS, 1x SSC (0.15M NaCl and 0.015M Na_ Cit_raté) at room
temperature, followed by two washes of 20 minutes each in 200 ml of 5‘% SDS, 1x SSC

at the hybridization temperature (45). The filter was then exposed to X-ray film at -70°C
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using a Dupont Lighting-Plus intensifying screen.

RNA Diagnostic Assay Protocol

A cervical mucus (cow) or smegma (bull) sample was treated with B-._mercapt,oethanol
(BME) to a final concentration 8% (v/v) and centrifuged in a Sorvall H1000B rotor at
2,500 r.p.m. for three minutes at room temperature to pellet parasites and bovine cells.
The pellet was lysed with 1.0 ml of 4M GUISCN solution, followed by the addi-tic;n of |
0.1 rhls of 2M NaOAc (pH 4.0), vortexed for 5 seconds and then .ey-ctrécted with .1.0.m1 _" "
of w;dter-saturated phenol/chIgirofdrm (10:1). The aqueous layer was refhoved:and RNA

precipitated with 2 volumes of cold (-20°C) absolute ethanol (5). i_

Slot-blotting of RNA

RNA was resuspended in 160 ul of RNase-free water and 40 pl-of 10x denélturation

buffer (30% formaldéhyde and 0.1M NaH,PO,, pH 7.0), heated at 60°C. for 20 minutes = |

and 40 ul of SM NH,0Ac was added to a final concentration of 1M NH,0OAc. Thé RNA
was slot-blotted onto duralose (nylon supported nitrocellulose from Stratagene, La Jolle,
CA) using the Bio-Dot SF microfiltration apparatus (Biorad Laboratories, Ri'chmond,

CA). Hybridization of RNA blots was identical to DNA blots (see above). "

Nucleic Acid Labelling

Oligonucleotides were 5’-end labelled with [y-?P] -ATP, 6,000 ci/qulé,
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(Dupont/New England Nuclear, Boston. MA) and T4 polynuclootide ;kiﬁase. Briefly, 25 :
ng of oligonucleotide was end-labelled in a reacﬁOn cohtaihing 50mM Tris-HCl [pH 7.6],
10mM MgCl,, SmM dithiothreitol, 0.1M spermidine HCL, 0. ImM EDTA [pH 8.0D a.md -
10 units T4 polynucleotide kinase according to previously pubiisheo. protocols (21).
_Oligonucleotides were 3’-end labelled with [o*?P] dCTP (Dupont/NEN, Boston MA)
and terminal deoxynucleotidyl tranferase (TdT). F1fty ng of ohgonucleotlde was labelled a
in a reaction contammg 1.4 M potassium cacodylate, pH 7.2, 300mM Tris base 40mMA
MgCl,, 1mM DTT and 30 units TdT according to previously publlshed protocols (32).
The labelled products were purified from unincorporated nucleotioes on Elutip+D columns

(Schieicher and Schuell, Inc., Keene, NH) according to manufacturer plrotocols.
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RESULTS

‘Partial Cloning of Tritrichomonas foetus 16S rRNA Gene

The goal of tﬁis study was to develop a nucleic acid based diagnostic assay for the
detection of Tritrichomonas foetus infection within the bovine. Since ribosom'cﬁ RNAs
(rRNA) are thé most abundant constituent nucleic acid in most organisms, it constitutes
a logical. térget for a diagnostic assay (48). Our stategy was tb clone and s_eﬁuence a ‘
segment of the small-subunit (16S-18S) rRNA gene from T. foetus, which contains
"variable" and "hype_rvariable" .nucleotide sequences with respeci to evolutionary
conserved regions within.rth.e rRNA gene. The published sequences of the 16S-18S small-

subunit rRNA genes of T. brucei, D. discoideum, E. graéilis (38), Tetrahymena (39),

| P,' falciparum, human (23), S. pustula, O. nova, S.cerevisiae and E. coli (11) were"
compared to determine conserved regions. The evolutionary divergence between these
organisms is large, however, a comparision of these ten 16S-18S rRNA S‘equences

reveals that there are highly conserved sequence elements. Two regions in the human,

T. brucei and E. coli genes show a 80% conservation of nucleotide sequence (Figure 1)..
This is a very high degree of conservation considering the extreme evolutioriary diversity

of these cell types and Figure 2 shows that these two regions are involved in joining

three of the four arms of the E. coli 16S secondary structure ihdicating the functional -
importance of the sequences (7). The nucleotide sequences between these two conserved

regions show"di.fferent degrees of variability.
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Fig. 1. Conservation of 16S-18S rRNA sequences.

REGION #1 PERCENT HOMOLOGY
Human 18S UGAAACUUAAAGGAAUUGACGGAA 100 % 24MER
T.brucei ... __._..._. AL 95.8%

D. discoideum ... Lii.io.-. 100 %

E. gracilis ... .. ....... 100 %
Tetrahymena ... ... .. .. . ....-. 100 %

P_. falciparum A £ . A l.... 87 .5%
S._pustulate L. 100 %

O. nova i iiaaaiaan 100 %

S. cerevisiae ... iiiiiiioo-- 100 %

E.coli Ao C. . Uoooo...... GG 79.1%
REGION #2 PERCENT HOMOLGY
Human 18S GUCCCUGCCCUUUGUACACACCGCCCGUCG 100 % 30MER
T. brucei Ao 96.6%

D .discoideum ... 100 %

E .gracilis Ao 96 .6%
Tetrahymena T 96.6%

P. falciparium L iiio--- 100 %
S.pustulate .. 100 %

0.nova e 100 %
S.cerevisiae i iiiiaaan 100 %

E «coll _*UeeCeGG.C. .. i A 80.0%
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Fig. 2. Secondary structure map of E. coli 16S rRNA (Dalberg, A.E. 1989).
Conserved region T.f. 1 (A). Conserved region T.f. 2 (B).
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Two synthetic oligonucleotide primers were designed' to.'amplify a ‘frfag;rnent of the'-f .'

Trltnchomonas foetus 165-18S rRNA gene, The first pr1mer des1gned T f 1. (5 GCGG S

GCAAGC’ITAC'I'I‘AAAGAAATTGACGGAA 3’ ) is complementary to'a 20 nucleot1de,‘; _

region in the small subunit rRNA gene of T. brucer and contams a Hlnd III restnctron -

site for subclonmg T f. 1 sequence corresponds to map pos1t10n 15 lO of the T brucer

185 rRNA published sequence (38, also Frgure l) and correlates w1th map posltlon 905 -

of the E. coli 16S gene. A second prrmer T f 2. (5’ GAAACCAAGCTT

' CGACGGGCGGTGTGTACAAA 3? ") is complementary to a 20- nucleo’nde regron of the
nong¢oding strand(38) near the 3’ terminus of the T brucei 138S rRNA gene (map posmon |
2101), mcludes a Hind-1II restnctron site. and correlates with pos1tlon 1379 of the E. coh .
16S IRNA gene. | | | |

Using the two universal primers T.f.1 and T.f.2, we amplified a _s'e'gment"of the T. =

foetus 16S-18S rRNA gene using the polymerase chain reaction (l’CR). ('SeeAMaterials‘and S

Methods). Figure 3 shows the results from six separate PCR reactlons usrng various-

startmg concentrations of T. foetus strain 85-330 DNA separated on a 1 2% agarose gel:

and stained with eth1d1um brom1de The 51ze of the fragment ampllﬁed was.:.: .

approximately 500 base pa1rs in length The startlng concentratlon of T foetus genom1c\_-

DNA was not an important factor smce 10 ng (1a.nes 1 and 4) gave as strong a s1gnal asv, ‘

100 ng of DNA (lanes 3 and 6). The amphﬁed DNA fragments were then ethanol S

precipitated, recavered by centnfugatron and subcloned 1nto vector Mp13mp19 after,- :

" Hind-III digestion. Pseudogenes presented a problem in the clon1ng of the T foetus 168- R

188 rRNA gene. By des1gn1ng ollgonucleot1des from 1nternal evoluﬂonarrly conserved
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Fig. 3. Agarose gel (1.2%) electrophoretic analysis of PCR amplified products from
various starting concentrations of T. foetus parasites (strain 85-330) genomic DNA.
Lanes: | and 4, 10ngT. foetus DNA: 2 and 5, 50 ng T. foetus DNA; 3 and 6, 100 ng
T. foetus DNA; and M, Phi X174 RF/DNA Hae HI standards.
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sequences the various clones We;e screened for active genes by probiné duplicate plaque
- lifts. Clones which hybridized to the internal probe were plaque purified and sequenced.
using published protocols (21). The T.f.1/T.f.2 prirﬁers, have aleo been used to-amplify |
a fragment of the 16S-18S rRNA genes from a diyefse variety.of celle. Figure 4 shows:
an ethidium- bromide stained 1.2% agarose gel of PCR products using DNA from

Fasciola hepatica, Trichomonas vaginalis, Tritrichomonas mobilensis, Tritrichomonas

foetus, barley, rye and bovine cells (monocyte cell line M617). The PCR produets from
the differ'ent' DNAs showed various fragment lengths; T. foetus‘ (lane 6), T. hobilensis
(lane 5), bovine M617 (lane 4), barley (lane i) and rye (lane 2) fragments were
approximately 500 base pairs in length; f.h‘e“fragment from F. hepatica (léne 3) was
especially _large,' approximately 650 base pairs compared to 450 base pairs for T.
vaginalis (lane 7), The minor upper band in fhe T. yagiﬁaﬁé lahe has not been
characterized and may be an artifact since the PCR ;mnealing temperature (25°C) was
relatively low.

The T, foetus fragment was completely sequenced ane revealed a fragment of 523
nucleotides. The T. foetus sequence was aligned against bO\}ine ‘(also cloned and ﬁartia’lly
sequenced in this experiment), P, falciparum and humari s,mall-;_ubunit rRNA seqﬁences ,
(Figure 5). It was necessary to introduce some "a;lignment gaps" in order to juitapose
regions of high similarity in the various sequences.' Interestingly, in tﬁe P. falciparum
sequence there was an addition.of 47 nucleotides at T. foetus peeitidns 36i‘ -371. Regions
where the T. foetus rRNA sequence diverged from other IRNA sequeneés were chosen

to design complementary oligonucleotides. The oligonucleotide desigheted MW24, was -
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Fig. 4. Agarose gel (1.2%) electrophoretic analysis of PCR amplified products from
various genomic DNAs using primers T.f. 1. and T.f. 2. Lanes: M, lambda Hind-I11
standards; I, barley; 2, rye;3, F. hepatica; 4, bovine monocyte cell line (M617); 5. T.
mohilensis: 6. T. foetus (strain 85-330); and 7, T. vaginalis.
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| AACTTAAAGG AATTGACGGA AGGGCACCAC CAGGAGTGGA GCCTGCGGCT Human
- e A e Bovine
N Cuocmnnn. j P.fal.
- e A ... — e [CR T. .T. ... T. foetus

51 TAATTTGACT CAACACGGGA AACCTCACCC GGCCCGGACA CGGACAGGAT Human
.............................................. j Bovine
.................... G ..A.... TA _TTTAA— A_AGT...... P.fal.
....... Ao .G JLALT...A C.AL.A..TG TTTTT.ATGAC T.Tfoetus

101 TGACAGATTG ATAGCTCTTT CTCGATTCCG TGGGTGGTGG TGCATGGCCG Human
................ A..ea.......C Bovine
......... A e T LT T P.fal.
..... GC.TCG-.G TCA.GA.GAC -TTT.e e e i e e eeeaa T. foetus

151 TTCTTAGTTG  GTGGAGCGAT TTGTCTGGTT AATTCCGATA ACGAACGAGA Human

m
R I C N N P.fal.
.GG.G..GC GTT..CC....C.... G.._..A_.._._.... G..... T.foetus
(CD)

201 CTCTGGCATG CTAACTAGTT ACGCGACCCC CGAGCGGTCG GCGTCCCCCA Human
TCT.AACC........ T...CGG..A.TA.A. TATACTTG.T TGA.TGAAA. P.fal.
T.A.C..CAA T...A..C.C GTTNNNNNNN NNNNNNNNNN . NNNNNNNNNN T. foetus

251 ACTTCTTAGA GGGACA-AGT GGCGTTCAGC CACCCGAGCT T-GAGCAATA Human
[CR AL L.TT .. .TGTCeA .CA _LAGGA*T, AAG....C. P. fal.
NNNNNNNNNN ~ NNNNNNNNNN NNNNNNNNNN NNNNNNNNNN  GGT.. T.foetus

301 ACAGGTCTGT GATGCCCTT- AGATGTCCGG GGCTGCACGC GCGCTACACT Human
...... Tooeee e Teeea= L T AATA T pP. fal.
...... O I O IV R \ ISR | T. foetus

Fig. 5. Sequence ofT, foetus small-subunit 16S-18S rRNA aligned with
P. falciparum, bovine, and human 18S rRNA. All sequences were aligned
against the human 18S gene. Dots indicate sequence homology and N
designates proprietory sequences.
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351 GACTGGCTCA GCGTG-——mmmm—mmmmmmmm oo oo Human

--TATATAT. A__A_TTTTT AAAAATATGC TTATATTGTA TCTTTGATGC P.fal.

TJTAATC. AL e T. foetus
367 TGCCTACC CTACGCCGGC AGGCGCGGGT AACCC-GTTG Human
TTATATTTTG CA.A.T.TT. .Ce....AA _.._. TA... ..T.TTTA*C P. fal.

———————————————— NNNNN  NNNNNNNNNN NNNNNNNNNN NNNNNNNNNN T. foetus

401 AACCCCATTC GTGATGGGGA TCGGGGATTG CAATTATTCC CCATGAACGA Human

TT AA T.T P. fal.

* TATATA.. ...... A.
T. T...C T C. T. foetus

A
NNNNNNNNNN . _AG.T A

451 GGAATTCCCA GTAAGTGCGG GTCATAAGCT TGCGTTGATT AANTCCCTGC Human

e GLT. CAT*A T....C..A. _.T.C...C. seeecsccns P. fal.
..... C..TT ....Ae.e.T --..AC...GC.......A. .CG...... T.foetus
501 CCTTTGTACA CACCGCCCGT CGCTA 525 Human
p. fal.
T .foetus

Fig. 5. Continued
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complementary to a 22 nucleotide region (22 mef) beginning at map positionf 108 and

ending at position 130; MW25 was a 20 mer corresponding to posmon 153 173 MW4O e

was an 18 mer, map position 275- 292 MW41 an 18 mer, map pos1t10n 253-271 MW42 |
a 20 mer, map position 372-391. MW2S5 was an ohgonucleohdedemgned from a va.rlabln :

or semiconserved nequences (approximately 50% homoiogy). -MW.40‘, MW41 and MW42
were oligonucleotides designed from hypervariable regions which showenl, little éequénee :

conservation.

Cross-Reactivity

Previous reports have demonstrated that oligonucleotidés. 'complémentéry to
"variable" regions of rRNAs can be usnd as piobes for detecting différén’t oréa,nisms (12
and 46). In order to o‘ptain a reiiable estimation_- of the cross reactivity of the
oligonucleotide probes from the T. foetus 16S-18S rRNA- sequences, a’:.computer analysis,
was performed to determine the homology of the four oligqnucleotides (MW25, MW40,
MW41 and MW42) to known rRNA sequences (Table 1). MW25 shows the best
homology to T. thennophilus matching 14 out of 20 nucleotides for a. 70% correlafion.
Other organisms match 13 'out of 20 or show a 67% hoxnology. .Oligonucléotides;
(MW40, MW41 and MW42) designed from a hypervariable region of the T. foetus 168
rRNA sequence were then compared. Surprisingly,‘ IRNA sequence. from N.
gonorrhoeae matches 15 out of 18 nucleotides to MW40 (80% h'omology),. Alsc; the nqn-“ _
vertebrates, D. discoideum and S. costatum and .the' prokaryotns, P aeruginosa z_md _1"_.'

themophilus matched 14 out of 18 bases (78 % homology). MW41 (18 mer) proved to be ‘
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Table 1. Homology analysis of T. foetus sequences against various
rRNA sequences using the Geneproft computer program. MW40 is an
18 mer, MW25 a 20 mer, MW41 an 18 mer and MW42 an 18 mer,

Organisms MwW40 MW25 MW41 Mw42

Eukaryotess
Vertebrates s
Human 11 13 10 11
Non-Vertebrates:

Chlorella ellipsoldea (green alga) 13 12 11 11
Skeletonema costatum (alga) 14 13 12 10
Dictostelium discoideum (mold) 14 13 13 12
Saccaromyces cerevisia (yeast) 12 13 10 11
Protozoans:
Oxytricha nova (ciliate) 11 13 11 11
Stylonychia pustulate (ciliate) 11 13 11 11
Tetrahymena pigmentosa (ciliate) 10 13 11 11
Trypanosome brucei (flagellate 10 12 11 10
Tritrichomonas foetus (flagellate) 18 20 18 18
Plasmodium falciparum (sporozoan) 11 10 10 11
Prokaryotes:
Streptomyces coelicolor 13 12 11 12
Pseodomonas aeruginosa 14 12 9 11
Escherica coli 13 13 9 11
Clathrochloris sylfurica 11 13 10 11
Thermus thermophilus 14 14 13 10
Neisseria gonorrhoeae 15 12 9 11
Brucella abortus 11 12 11 9

Primitive Prokaryotes:
M . soehngenii (archaebacterium) 10 12 10 10

Conversion to Melting Temperature [1% Difference=1°C Change].
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more specific for T. foetus since the best match against the various sequences was’ 13 out

of 18 for a 72% hemology w1th D. discoideum and T. thermophllu The lowest percent

homology compared against the vanous organisms rRNA 16S sequences was with
oligonucleotide MW42. D. discoideum and S. coelicolor sequences match 12 out of 18
nucleotides fora 67% homology. Oligonucleotide, MW42, was designed fror'n the region
correspondmg to the P._falciparum 47 nucleotide 1nsert10n site 1nd1cat1ng the lack of .
sequence conservation of this reglon This analys1s indicated that ohgonucleot1de MW42
maybe the best choice to be used as a probe for the detection of T. foetus 1nfect1on.

E Hybridization experiments were performed using total RNA from 'T. foetu's strains
Montana 85;330 [85-330], California 198_4'[CA84], California VMC 2031 [VMC].and
Nevada [NV], T. mobilensis, T. vaginalis and bovine M617 _ceﬂs (See Materials and
Methods). Total RNA from each organism was slot—blotted onto nitrocetlulose usihg the
Biorad slot-blot appratus (5 ug RNA per sll‘ot)ran_d the _nitrocellulose u'/as cut into five
identical strips,- which were then probed with oligonucleotides-T.f.‘2, MW25, MWA40,
MW41 and MW42 that had been end-labelled with [-B] ATP and T4 polynucleotide
kinase. The slot-blots were hybridized at 53°C using standard 'prot:ocolsj;(SeezMaterials‘ '
and Methods) and exposed to X-ray film. (See-Material'S : ',and' 'Methods). The
autoradiograph from this experiment (Figure 6) showed that oligonuc1eotide T.f2 gaue
positive hybridization signals i in all lanes confirming the conservatlon of this sequence.
Oligonucleotides MW25 and MW41 hybridized to Tnchomonas and Tntrlchomonas
species, but not to bovme RNA (Flgure 6B and 6D) MW40 hybndlzed to

Tntnchomonas species and faintly with T. vaginalis, whereas MW42 hybndlzed to
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B
T f. 85-330
T CAS4 =
Tf. VMC -
T NV )

T. mobilensis

T. vaginalis

Bovine

Fig. 6. Hybridization of synthetic oligonucleotide probes to various RNAs. Total RNA
was extracted, bound to nitrocellulose filters by slot-blotting and hybridized to 5'-end
labelled oligonucleotides T.f. 2. (column A), MW25 (column B), MW40 (column C),
MW41 (column D) and MW42 (column E). Lanes: I. T. foetus. Montana strain 85-330
(T.f. 85-330); 2, T. foetus, California strain 1984 (T.f. CA84); 3. T. foetus California
strain VMC (T.f. VMC); 4. T, foetus. Nevada strain (T.f. NV); 5, T. mobilensis; 6, T.
vaginalis: and 7, bovine cells.
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Tritrichomonas species only-with no cross hybridization _with_either ::.T".' -uaginazlis _or:.

bovine RNA (Figure 6E).

Nucleic Acid Assay Development =

With the 1dent1ﬁcat10n of tntnchomonas spe01ﬁc ohgonucleotlde probes two assay' '
formats were examined for the detection of T. foetus 1nfect10n The ﬁrst format 1nvolved o

the amphﬁcatron'of appropriate nuc1e1c ac1d -target sequences using -the PCR The second _

format involved the direct hybndrzatron of RNA The PCR format has been used in the .-

clinical detection of pathogens such as Toxoxplasma gondu in HIV 1nfected patrents and -

for the detection of serum hepatitis B virus DNA in patrents w1th chronrc hepatrtls (16).
The PCR focuses on amphfymg a smgle fragment of a speclﬁc gene thus only one gene
copy per cell is theoretlcally required. The d1rect assay of rRNA depends on the content |

of cellular TRNA; there are approximately 1° x 105 -copres of rRNA molle’c‘ul’es“per cell in -

human cells.

PCR-based Assay

We first examrned the PCR format for _TM detectron Samples contammg varlous _ "
amounts of T. foetus (strain 85-330) paras1tes were extracted and the partlally purrﬁed‘
DNA amplified usmg pnmers T.f.1 and MW25 1n a standard PCR protocol (See -
Materials and Methods) The samples were ethanol pre01p1tated the DNA recovered by

centrifugation and slot-blotted. The slot-blot was probed wrth endflabelled,ollgonucleotlde »
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MW?25. The blot was exposed to X-ray film with an intensifying ncreen and densitometric
absorbance values were determined by scanning the autoradingfaph with .‘an ﬁltroscan XL
Enhanced Laser Densitometer (Pharmacia, Bromma, SWéden). The rasults Shbi’;ved that
10 parasites could be detected at a relative absorbance of 2.5-fold over backg-round
(Figure 7). |

Although the previous experiment examined the sensitivity .of the PCR format, the
reliability of this format is dependent on the efﬁciency of DNA aktraction, Cross
contamination of samples and reaction to reaction variabi-iity. We e,xarnined'the‘ reliability
of the PCR and the DNA extraction protocol in the fpllowing experiment: 1.) 1.0 samples
in i)iamonds medium (8) (100 T. foetus parasites/sample) were processed accoiding to
the PCR diagnostic assay protocol (See Materials and Met_hodsi) and the reactions slot-
blotted onto nitrocellulose. 2.) one sample containing 1000 parasi_tes in Diamonds
medium (8) was processed according to the PCR diagnostic assay protocol and the DNA
split into ten identical PCR reactions and the reactions slot-blotted. ‘Oligonudeotide
MW25 was end-labelled and the blot hybridized at 60°C (Figure 8). The iesults showed
problems in DNA recover and in the PCR reaction. The- variable ﬁénal intensity in
column A and the lack of signal in column A2 indicated a pronlém in DNA frécovery.
The DNA recovery was improved in the sample with 1000 parasités split-into ten’
reactions (column B), however, these reactions showed- addiﬁonal reproducibility
problems since there was re_ciuced or absent signal in éolumns i35 and B9. The lack of
PCR ampliﬁcation in columns B5 and B9 couid be a problem. wifh"the PCR 'reactidn

components or a problem with the thermal cycler since a recent report (3 ) sngg_ested that
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Total Cell Number per Assay

Fig. 7. Detection limit of T. foetus parasites using a PCR assay protocol.
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Fig. 8. Reproducibility of the DNA-based PCR assay. Column A: 10 samples (100IL
foetus parasites strain 85-330/sample) processed according to the DNA-based PCR
Assay (See Materials and Methods), slot-blotted onto nitrocellulose and probed with 5™
end labelled oligonucleotide MW25. Column B: One sample containing 1000 T. foetus
parasites, processed according to the DNA-based PCR Assay protocol, split into ten

identical PCR reactions, slot-blotted and probed with 5'-end labelled oligonucleotide
MW?25.
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thermal cycler blocks may not amplify uniformly.

Although extraneous nucleic acid from multiple sources may serve as a-‘ter.nplate for
amplifcation thereby leading to false positives, most of false posi.ti\.'es appear to result
from pipetting contamination from adjacent samples (10). DNA from bovine M6 17 cells,
bacteriophage A DNA, T. vaginalis, T. mobilensis and T. foetus were used in three
different PCR reactions using three sets of primers, T.f.1 and T.f.2, T. foetus variable
region primer MW24 and T.f.1, and T. foetus variable region MW25 and T.f.1. We
expected to amplify a fragment of approximately 500 base pairs using priﬁérs T.f.1 and
T.f.2, a 130 base pair fragment using MW24 and T.f.1 and a 170 base pair fragment
using MW25 aﬁd T.f.1. PCR products were separated on a 6%. polyacrylamide gel and.
detected by staining with ethidium bromide (Figure 9). There should not be bands in
lanes 2, 3, 4 or 5 siﬁce DNA from bacteriophage A or bovine M617 does not contain
complementary sequences to‘ oligonucleotide primers MW24 and MW25. Thus, the
presence of an approximately 130 base pair band in lanes 2 and 4 and 170 base pair band
in Janes 3 and 5 indicates that DNA contamination occured in this experiment. Also, the
disappearance of a 130 base pair banq in lane 9 could be from the inability of thf: thermal
block to amplify uniformly. Because of the reli(ability and cross contamination problems
the PCR format did not appear to be a suitable protocol. We thep explored a protocol to

detect rIRNA directly without amplification.
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Fig. 9. Polyacrylamide gel (6%) electrophoretic analysis of PCR amplified products
from various DNA. Lanes I, bovine M617 DNA and 12, T. foetus DNA (strain 85-330)
were amplified using primers T. f. I. and T.f. 2. Lanes 2, M617 DNA, 4, bacteriophage
lambda DNA, 6, T. vaginalis DNA. 8. T. mobilensis DNA and 10, T. foetus DNA (strain
85-330) were amplified using primers T.f. I. and MW25. Lanes 3, M617 DNA, 5, bacte-
riophage lambda DNA, 7, T. vaginalis DNA, 9, T. mobilensis DNA and 11. T. foetus
DNA were amplified using primers T.f. I. and MW24.
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RNA Diagnostic ASsay

Comparision of Total RNA Extraction Protocols

In the development of the RNA assay, the extraction of RNA from a samplg was the
first procedure studied. We utilized three types of samples. The first one consisted of T.
foetus parasites suspended in Diamonds medium (8). This type of sample contained low
levels of protein, thus, a single GUISCN extraction waS sufficient to recover the RNA;
However, the most common types of field samplés réceived fdr diagnosis gf T. foetus
infection were cervical mucus from cows and sr'negma from bulls. Both of these sample
types are high in protein which presents problems in the extraction of total RNA.
Thereforé, an additional step was needed to recover the RNA efficiently. Experiments
were performed to explore ways of extracting RNA from different sample types. Ail
extraction protocols began with the removal of mucoué protéins by solUbilizatioﬁ in the
reducing agent B-mercaptoethanol (final concentration 5%). Upon microscopic
examination of samples treated in this manner, we found that-trophozoi'tes of T.‘ foetus
were not affected (there is no membrane lysis or parasite death) by bﬁef treatment with
5% B-mercaptoethanol. The sample was then ceritrifuged for 5 min to concentrate the
parasites, the supernatant removed and the cell pellet lysed in 0.3 ml of 4M GUISCN
solution (See Materials and Methods). Two methods were employed to remove proteins.
One protocol involved repeated extraction and ethanol brecipitation with a GUISCN
solution. In the second protocol, proteins were removed by phenol/chloroform extraction

(See Materials and Methods). Samples of T. foetus (strain 85-330, 1000 'parasitéé/ §ample)
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were processed according to the two different protocols and .sIot-blotted’ onto
nitrocellulose. An autoradiograph of slot-blots hybridize(i . to - the -A'end-labelled
oligonucleotide MW40 is shown in Figure 10. Slots 1 and 4 were parasites suspended in
Diamonds medium and processed By a single 4M GUISCN extracfidn; slqts 2 and 5 were
suspended in bovine cervical mucus and proteins removed by the repeated GUISCN
extraction protocol; slots 3 and 6 parasites were suspended in bovin'e cervical mucus and
proteins removed by phenol extraction. No hybridization signal occurred in slots 2 and
5 indicating that the repeated GUISCN extraction was not successful in femoying excess
'proteins, however, the phenol extraction protocol producéd excellent results as the signal .

in slots 3 and 6 were as strong as in slots 1 and 4.

Comparision of Different Membranes/UV vs. Bakin_g .

One of the critical steps in solid-phase hybﬁdization assays of nucl'.e:ic. asuuys is the
immobilization of DNA or RNA fragments on a solid suppc}rt. With thé advent of nylon
membranes and the UV cross-linking alternative to vacuum bak_‘ing the're. a_l.;e"ei_ numbe'r‘
of choices which we attempted to resolve (27). We chose’ thfee différerit _'ruembraneé
which were either UV cross-linked or baked at 80°C for 1 ur to cc)mpa}e‘thé efﬁuiéncy
of immobilization of RNA Nitrocellulose, BA85 0.45 um (Schlelcher & Schuell Inc. -/
Keene, NH), Gene Screen Plus (Dupont Boston, MA) and Duralose 0. 45 um nylon
supported nitrocellulose (Stratagene La Jolla CA) were used to slot—blot total RNA from -
12,000 T. foetus trophoz01tes in Diamonds medlum or in bovme cerv1ca1 mucus Theser

samples were split into three sets and slot-blotted onto the th,ree ‘me_mbranc‘.s wh1ch were
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3—>
4—>
5—>
6—>

Fig. 10. Comparision of total RNA extraction protocols. Samples of T. foetus parasites
(strain 85-330, 1000 parasites/sample) processed according to two different protocols,
slot-blotted onto nitrocellulose and probed with 5'-end labelled MWA40. Slots: | and 4,
parasites suspended in diamonds media and processed by a single guanidine isothio-
cyanate (GUISCN) extraction protocol; 2 and 5, parasites suspended in bovine cervical
mucus and proteins removed by the GUISCN extraction protocol; 3 and 6, parasites
suspended in bovine cervical mucus and proteins removed by the phenol extraction
protocol (See Materials and Methods).
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then split into two stnps per membrane type One stnp of each membrane was baked at_” B

80°C for 1 hr while the other strip was uv cross—lmked at’ 120mJ/cm for 30 sec. Thef'

membranes were hybridized to 5°-end labelled ol1gonucleot1de MW40 (Flgure 11) The -

highest signals were obtained when RNA was 1mmob111zed on Duralose wh1ch had been . .

uv cross—lmked (lane 5) or UV cross—lmked mtrocellulose (lane 1) Smce nylon" L

supported n1troce11ulose (Duralose) is 51gn1ﬁcant1y stronger than regular n1trocellulose - '

this would be the membrané of ch01ce The srgnals in lane 4 C and D were weak th1s" |

could be due to a component in the mucous’ wh1ch prevented the bmdmg of the nuclelc/-' S

acids to the nylon membrarie.

Detection Limit Determination’

We examined the RNA assay format for the detectlon of T foetus Total RNA was .

extracted from samples contammg vanous amounts of T foetus (stram 85 330) and., -

M617 bovine cells accordmg to the RNA assay protocol and slot—blotted (See Matenals .
and Methods). The slot-blot was -probed w1th end—labelled ohgonucleoude MW25 and .' .
exposed to X-ray film with an 1nten51fy1ng screen. Quant1tat1ve values were determlned i

by dens1tometr1c scanmng of the autoradlograph from th1s 'expenment A graph of

relative absorbance against cell number showed that 10 paras1tes gave a 4 2 fold s1gna1 : , :.'

over background (F1gure 12).

........




41

Fig. 11. A comparision of UV crosslinking versus baking on various membranes.
Three membranes were UV-crosslinked at 120mJ/cm2for 30 sec (UV) or baked at SOOC
for | hr (BK); BAS8S5 nitrocellulose (BA), Gene Screen Plus nylon membrane (N) and
Duralose nylon supported nitrocellulose (DLS). Total RNA was extracted from 12,000
T. foetus parasites (strain 85-330) in media (Columns A and B) or in bovine cervical
mucus (Columns C and D). The samples were split into three sets and slot-blotted onto
the three types of membranes. The membranes were hybridized to a 5'-end labelled
oligonucleotide MWA40.
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1000

Total Cell Number per Assay

Fig. 12. Detection limit of T. foetus parasites using the RNA assay.



43

RNA Stability in GUISCN and Reproducibility :
The RNA assay was tested for reproducibility under a v'ariety of c'onditions | Brieﬂy, two '
tubes, one contammg 500 T. foetus paras1tes (Set A) and 5000 parasrtes (Set B) were.
lysed in 1.0 ml of 4M GUISCN solution A 0.2 ml sample was removed every day for
4 days and total RNA processed. Set A was stored at room temperature wh11e set B was
stored at 4°C throughout the expenment The samples were slot-blotted onto

| nitrocellulose and probed with end-labelled ol1gonucleot1de MW25. The slot-blots were .
hybridized at 60°C using standard protocols (See Materials and Methods) and exposed .‘
to X-ray film w1th an intensifying screen. The autoradiograph from this experr_ment
showed that the samples stored in GUISCN solution had no -RNA d‘egradation -when
stored at room temperature or 4°C suggesting that samples oan.be lsrsed’in the field and = -
shipped to the testing laboratory without loss of signal. No reproducibility problems were

detected since there was an equal signal seen in all lanes of sets A and B (Figure 13).

Mock Testing

Currently, the only accepted diagnostic test for the .detection of T:."foe‘tns, infection
within the bovine is a microscopic/culture test. A field sample i_s.typicaliy.eolieeted using
saline with an infusion pipette and contains cervical 'mucus (cow_-) or sme_g"ma (hull-). The'
sample is .shipped to a diagnostic laboratory and 20-30 fields from a'drop of th_ei;sar_nple
examined by dark-field phase-contrast microscopy. A 0.:5 ml _sample is placed in

Diamonds medium, cultured for 1-7 days at 37°C; and.examined again by dark-field
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A B # parasites

Fig. 13. Stability of RNA in GUISCN and reproducibility of T, foetus RNA assay.
Two samples, one containing 500 T. foetus parasites (strain 85-330) (Set A) and the
other containing 5000 parasites (Set B) were lysed in 1.0 ml of 4M GUISCN solution.
Set A was stored at room temperature while set B was stored at 4°C. A 0.2 ml sample
was removed every day for 4 days and total RNA processed (See Materials and
Methods). Samples were slot-blotted onto nitrocellulose and probed with 5'-end labelled
oligonucleotide MW25. A standard curve of known parasites was included in the
experiment.



45

microscopy for the presence of T. foetus' A saitiple is chnsidéred ?pos:iti\ie-"if a m'otile‘.“"

organism containing three flagella and an undulatmg membrane 1s detected (Flgure 14) o L

For compans1on Frgure 15 shows a ﬂow chart for the RNA assay
To further fest the RNA assay, mock samples were. set up that contamed T foetus. ‘

parasites plus bovme cells or cervical mucus. Each mock test contalned th1rty samples

fifteen of which contamed 50 100, 200 or. 1000 para51tes and ﬁfteen contamed no

parasites. All' samples contamed 1000 bov1ne cells also Frgure 16 shows the_ :

autoradlograph from one mock test usmg 5’—end labelled ohgonucleotrde MW25 A- .

standard curve of known paras1tes is included -in the expenment The data 1nd1cate a{
100% detection with no false posrtrves Flgure 16 also 1ndrcates that the DNA probe can B
easily detect samples correspondmg to 100 parasrtes/sample -l -

A total of five mock tests were performed comparmg ‘the- ‘mrcroscoprc/culture‘
protocol to the RNA assay (Table 2) Mock test sets 3 4 and 5 were processed by the .

Montana State Vetermary Dragnostlc Laboratory (Lrvestock Health D1v1sron) in -

Bozeman, MT according to the standard m1croscoprc/culture assay along w1th the RNA: -

assay. Test set' 1-was m1croscoplcally exammed by Dr C A Speer (Head Vetermary . o

Molecular B1ology, MSU). Bneﬂy, twenty to th1rty ﬁelds ofa drop of each sample iere . s

viewed by m1croscopy for the presence ofa mot11e orgamsm contammg three ﬂagella and
an undulating membrane A 0.5 ml sample was- removed and cultured at 37°C in 5 ml L

of Diamonds medrum ®) for seven days. At the end of thrs t1me the cultured sample o

was again examined by m1croscopy for the presence of T foetus.;The remam" ‘gj_sample o o

from the initial m1croscop1c exammatron was processed accordm to.th RNA assay and.‘:_"j__ﬁ_i'.. .
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Microscopic/Culture Test

Collect Field Ship to
Sample Diagnostic Lab

Direct Microscope
Examination

Culture and Examine
For 1—7 Days

Retest 3—6 Times
For Reliability

Positive = Motile organism containing
three flagella and ungulating membrane

Fig. 14. Flow chart of the microscopic/culture test for the detection of T. foetus
infection.
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RNA ASSAY

Collect Field
Samples

Ship to
Diagnostic Lab

Lyse Sample

Purify rRNA
Filter onto
Nitrocellulose
and Probe

Detect
Positives by
X-ray Film

Fig. 15. Flow chart for the RNA Assay for the detection of T. foetus infection.
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# parasites

Fig. 16. Detection of T. foetus parasites using the RNA assay. The experiment con-
sisted of 30 test samples, 15 containing 50,100, or 1000 parasites per sample and 15
samples containing no parasites. All samples contained 1000 bovine cells. Total RNA
was extracted, slot-blotted onto nitrocellulose and probed with 5'-end labelled oligo-
nucleotide MW?25. A standard curve of known parasites was included in the experiment.
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slot-blotted. The slot-blots were probed witﬁ 5’-end labelled oligonucleotide MW25. A -

standard curve was included in each of the test sets. Tests 2 and 3 were 60 totz_ﬂ 'samples,
10 samples containing 50, 100 or 1000 parasites and 30 samples containing no Iﬁéfasjtes.
The samples in test sets 2 and 3 were first stored at 4°C for 72 hours bﬁo_r to testing by
the microscopic/culture and/or RNA assay protocols. Test sets 1,‘ 4 and 5 were processed '
immediately after aliquoting parasites at room temperature usipg a log phése T. foetus
culture. All samples of the mock tests were performed wifhout the operators knowle‘dge
of which samples were positive and after completion of the assays the results were
decoded. The RNA assay utilized 5’-end labelled oligonucleotide MW?25. The‘overall _
success of the microscopic culture assay (120 samples, 60 positives) was 27% of the total
positives with no false positives, while the RNA assay found 98.6% of the positives with
no false positives (150 total samples, 75 positives). When the samples were first stored
at 4°C for 72 hrs (test sets 2 and 3), the detection rate for the microscopic/culture assay
dropped to 7% confirming a major limitation in the currént assay such that the parasites
must be alive to be culturable. The detection rate for the RNA assay was unaffected by
sforage at 4°C. No pattern of detection with rggards to pérasite concentration was
observed in the test sets assayed by the Montana State Veterinary Diagnostic Laboratory

(Sets 3, 4 and 5). A similar number of 1,000 parasites/ml.and 1‘00 parasites/mi were
detected indicating that the microscopic/culture assay is essentialiy random at these

parasite levels.
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Table 2. Mock testing: Microscopic/culture vesus the RNA assay.

Number
TEST Positives
Test 1 15
Test 2
72h cold 15
Test 3
72h cold 15
Test 4 15
Test 5 15
Total = 75

Total samples = 150

AVE

Percent
Positive
rRNA
53 100
N/A 100
7 100
13 100
27 93
27 98.6
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Field Experimentation

Case Study 1

The samples for the first case study were from two herds physically separated and
located in eastern Montana. Herd 1 consisted of 38 open»ﬁeifers fré,m a group 4of' 180
head having a 79% pregnancy rate. The heifers were given Preg guard 9, wormed with
Safe guard and poured for lice on April 1, 1990. They were Iﬂoved to palstur'e 'May 10.
Nine, 3 year old bulls were placed with the heifers on May :20, 1990 and pulled on July
9. The heifers were pregnancy tested August 21 and trichomoniasis tested on September

6, 1990 using the RNA assay. Samples of the open heifers were collected with a human

" pap smear scraper and flushed with saline. The RNA assay results showed there was no

evidence of T. foetus infection in these samples. |

Herd 2 consisted of 66 open heifefs' from a group of 217 head having a 70%
pregnancy rate. These heifers were managed like the heifers in herd 1. Eleven bulls were
placed with the heifers on May 22 and 10 were pulled on July 8. The last bull was found
in a separate herd and pulled on July 31. The heifers wefe pregnancy tested August 23
and trichomoniasis September 7, 1990. The first 14 sampiés were cblle;:ted by a'Kalajian
3000 culture swab. The remaining 42 samples we_:ré collcéted by repeatedly injecting and
aspirating the vaginal area with 10 ml PBS until the sample appéare'd cloudy; 5 of the 14
swabs were positive by the RNA assay and 7 of the 42 saline flushes were pqsitive for
a 17% infection rate. The results indicate that open cows from herd 1—have' no T. foetus

infection while herd 2 showed a 17% infection rate which correlated with the relative
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pregnancy rates. The highest level of infection in herd 2 was approkimatély 250
parasites/ml suggesting that the microscopic test would miss many of these samples. The

microscopic/culture assay was not performed on the above samplés.

Case study 2

The samples for the second case study were from a single herd located in western
Texas. This herd consisted of 11 open heifers from a group of 86 head having a 87%
pregnancy rate. The heifers were managed likevthe heifers in case stud’y one. The heifers
were pregnancy tested August 1, and trichomonaiasis tested August 16, 1,99(')"using the
RNA assay protocol. Samples 1-86 were collected with saline flushes through an infusion
pipette. Nine duplicate samples were collected with cotton tipped swabs of the cervix of
randomly chosen heifers from samples 1-86. Of the 86 mucus samples, 47 were positive
for a 52% infection rate. Seven of the nine swabs correlatéd with the resulfs of the
saline-flush samples. One swab sample was received without identification and the final
swab was negative while the duplicate saline-flush was weakly positive. The intensity of v
the positive signal from the swabs correlate well with the level of intensity of the paired-
saline flush. The level of parasites per sample was low (approx1mate1y 100
parasites/sample), which would be difficult for the mlcroscoplc/culture assay to detect
However this high infection rate (52%) did not correlate with the pregnancy rate (87%)
in these animals. Aﬁ independent microscopic/culture test was not pgfformed on the
above samples and during the preparation of the manuscript the calving rate for this herd

was unavailable.
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DISCUSSION

For the past fifty years, the only means of diagnosing Tritrichomonas foetus infection

within the bovine has been by microscopy. Our approach of DNA hybridization using
specific probes to target nucleic acid molecules of T. foetus offers signiﬁéant advantagés ', |
over conventional microscopy. DNA hybridization using speciﬁc probes is extremely
sensitive (50 parasites/sample) and can be performed relatively quickly on a large number
of samples. While the microscopic/culture assay relies on culturing a small aliquot of a
sample rendering the system vunerable to contamination, the high specificity of DNA
hybridization precludes the need for pure cultures. Recéntly, an rRNA-directed DNA
probe assay for the nonculturable laboratory diagnosis of N. gonorrhoeae was eyaluated;
the assay was shown to be 99% specific and 93% sensitive (33).

We chose the small-subunit major rRNA gene as a target since these genes show
regions of nearly absolute conservation as well as regions of hypervariability. Thus,
oligonucleotides T.f.1 and T.f.2 were designed from conserved regions and used in a
standard PCR protocol to amplify a segment of the 16S-18S rRNA gene from T. foetus.
Upon subcloning, sequencing and comparision of the T. foetus 16S sequences to a data
bank of rRNA sequences, we identified conserved, variable and hypervariable regions
(Table 1). These findings led us to design oligonucleotides that _cbﬁesponded to the
variable regions. Oligonucleotides T.f.2, MW25, MW40, MW41 and MW42 were
examined in cross-reactivity experiments (Figure 6). Oligonucleotide T.f.2 recognized

all RNA from the various protozoans and cell lines consistent with the conserved nature
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of these sequences. Oligonucleotides MW25 and ‘MW41 detected all strains  of o

Trichomonads thereby representing variable regions of sequence and could be compared
to the variable region at map positions 1410 to 1490 of tfle E__gcm rRNA gene (7).
Oligonucleotides MW40 and MW42 are Tritrichomonas ‘ speciﬁc and represent.
hypervariable sequences which are comparable to map positions 840 to 900 in the .168

rRNA sequences of E. coli. This region may contain 60 nucleotides as in E. coli (11) to-

as few as 25 nucleotides in the 16S rRNA of D. discoideum (38).’

Our first attempt at designing a diagnostic assay for the detec'tion of .T. foetus
infection within the bovine involved using the polymerase cha‘in reaction (PCR). The
PCR, since its introduction a few years ago has already become a widespread research
tool. The popularity of the PCR is due primarily to its:simplicity and high probability of
success. Scientists have used PCR for research -applications in direct -sequenciﬁg of in
vitro amplified DNA (42), mutational detection (25) and evolutidnary analysis (14}. They
have also used tﬁe PCR in medical applications to diagnose monogenic disease .(18), for
DNA typing in relationship to disease susceptability (35) and the de_fection of human
infectious diseases (16). Utilizing these applipations, we combined two areas,
evolutionary analysis and detection of infectious disease, to develop a DNA-based PCR
assay. The PCR assay protocol was evaluated with 'the' T. foetus variable region
oligonucleotide, MW24, and the conserved primer T.f 1 which ampliﬁe'_d a region of the
T. foetus small-subunit rRNA gene. These reactions .were probed with an internal
variable region oligonucleotide, MW25. Our results with the PCR assay indicate there

are problems with recovery of the sample DNA and re;iroducibility of sample
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amplification (Figure 8). Pipetting contaminationv from; adjacent sarr.lples‘ was also ‘a major
problem associated with the PCR (Figure 9). While problems of DNA recdw}ery are
approachable, sample contamiﬁation represents a seﬁoﬁs problem in livestock disease
diagnosis. The lack of control over sampling techniques (each veterinarian has there §Wn
method of sampling an animal) would make it difficult to set a rigid sampling Iirotoéol
Also the sanitary conditions in the field are relatively poor. Since the PCR amphﬁes
extremely low concentrations of DNA from a sample the lack of good samtary
conditions for samplmg animals could lead to many false pos1t1ves The hlgh cost and
impractibility of multiple samplings are also major limitations. The PCR is an expensive‘
system and if retesting was routinely required the'dolla.r cost could be prohibitive. In
addition, resampling would substantially increase injuries to handlers since sampling is
often dangerous and difficult due to the size and strength—of the animal inv'olved. Unlike
the PCR test for the detection of HIV infection in AIDS diégnosis, | multiple blood
samples are easily obtained and the cost of the tests are typically covered by health
insurance. Thus, we concluded that the PCR format was not suitable for the diagnbsis
of bovine trichomoniasis.

Our next attempt at designing a diagnostic' assay'for the detection of T. foetus
infection within the bovine involvéd a nonampliﬁcatipn format. This was achieve'd By
targeting rRNA molecules of T. foetus with specific oligonucleotide probes. Probes for

rRNA were first described in the diagnosis of Plasmodium falcip.arum (20) and

‘Chlamvdia trachomatis (30). Unlike restriction fragment length polymorphisms and

repetitive DNA nucleic acid targets which are used in criminoldgy to identify an
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individual, the rRNA probe, depending on the probe specificity, can be used to identify '
the presenée of different groups of organisms. A limitation in fhis t)"pe of assay is that
the detection rate is dependent upon the content of cellular RNA. Under conditions of _
low organism number or low RNA content or both, the sensitivity may not be adequate
without an amplification step. |

Development of the RNA assay for bovine trichomoniasis involved the identification
of appropriate probes and the development of suitable protocols to recover RNA from
veneral samples. The process of extracting RNA from bovine cervical mucus or smegma
samples was one of the problems encountered. We found phenol extraction was required
for extracting RNA in protein rich samples (Figure 10). Duralose (nylon supported
nitrocellulose) membranes which were UV cross-linked proved té be the most efficient
membrane for immobilization of extracted RNA compared to hitrocelhilose and nylon
membranes (Figure 11). The detection limit of T. foetus parasites u.sing the DNA-based
PCR assay (Figure 7) versus the RNA aésay (Figure 12) showed that the RNA -as‘say was
comparable to the DNA-based PCR assay without the ‘need fdf amplification. In both
assay formats (PCR versus RNA) the results from standard curves showed a limited,
linear dynamic range due to the properties of X;ray film. Less than ﬁ\'Ie percent of 'thé
B particles emitted by a P* labelled sample actually interact with the emulsion Qf a
standard X-ray film to form a latent image center (15). For dynamic purposes,-the range
of film is limited to about 300 to 1 latent images, and is complicated by the characteristic
sigmoidal density versus log exposure (15). This is due to the saturatiqn of the film by

labelled sample over long time periods of exposure.' Since our goal was to develop a
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qualitative assay, we did not perceive the limited linear range of X—réy film as a

substantial problem. The sample reproducibility with the RNA assay was considerably . - '

better than the PCR protocol (Figures 8,13). RNA éxtracted in GUISCN solution was"
stable for at least four days-indicating that a sample could be shipped at room
temperature for evaluation of T. foetus infection without concern for RNA degradation.
Our data showed that the RNA assay was equally sensitive and more practical than
a PCR assay and superior to the conventional microscopic/culture assay. The results of
five mock tests showed that the RNA assay has a higher level of sensitivity (Table 2) as
éompared to the microscopic/culture assay. The RNA assay detected 98.6% of the
positives and as few as 50 T. foetus parasites per sample consistently; while the
microscopic/culture assay detected 27% of the positive samples that contained 50 to 1000
parasites per sample. Although the results showed a detection range of .10 to 20 T. foetus
parasites per sample in the mock testing studies, background noise decreased the level
of detection in field samples. Overall these results showed the RNA assay to be at least
3.5 times more sensitive than the microscopic-culture assay. The higher detection rate
for the microscopic assay in test set 1 (Table 2) was attributed to a more coﬁplete
analysis of the samples and the greater skill and knowledge of the operator. Dr. Speer
analyzed the samples in test set 1 and has over 25 years experience in identifying
parasites and in microscopy in general. While it is standard to examine 20-30 fields of
a drop (0.1 ml) of sample fluid, Dr. Speer examined the entire 'covers.lip,ta-king: 3.5 hours
to examine 30 samples. Dr. Speer detected 4 out tHe 5 of the 1,000 parasite/ml samples

and 3 out of 5 samples at 200 parasites/ml and 1 out of 5 samples at 100 pa_lr'asites/ml
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indicating that with care and time the microscopic assay can détect 200-1,000 -
parasites/ml fairly reliably. We confirmed that the examination of a complete coverslip
would result in a higher detection rate by repeating a 30 sample mock test using another
operator (Dr. Kent Thomas). Again the overall detection rate in the test was higher
(58%) with a 80% detection at the 1,000 parasite/ml level. A detection rate of 80%
positives is very close to the published detection limit of 78% (37) indicating that under
optimal conditions, with sufficient parasite numbers and time for assay the
microscopic/culture protocol can detect 8 out of 10 positives.

The RNA assay offers several other significant advantages over the n:licroscopic assay
(Table 3). Due to the low reliability, the microscopic assay requires approximateiy 3-6
samplings to achieve >80% accuracy. The RNA assay can achieve 98 % accuracy in one
sample at parasite numbers >50 parasites/ml. The time factor is ahothér advantage for
the RNA assay. Turnover time for the RNA assay is relatively short, approximately 3
days, while the assay time for the complete microscopic/culture assay is 5.7 days for one
test or a total of 3-4 weeks (3 samples) to completely test one animal. The sample taken
for microscopy does not represent the total sample since the operator examines and
cultures a small portion (0.1-0.5 ml) of a sample. The RNA assay utilizes at least 50%
of the entire sample for diagnosis provided half the sample is saved for potential
reconfirmation, a feature only possible for the RNA aséay. Thé sample réceivea for the
microscopic assay must be kept at room temperature or 37°C in a low oxygen
environment to avoid the death of T. foetus oganisms because the microscopic assa’y

requires the presence of a motile flagellated organism in order to be considered positive.
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Table 3. Comparision of the microscopic/culture assay with the RNA assay.

Micro rRNA Assay
1. Live Organisms Yes No
2. Number of Samples 3-6 1
3. Detection Limit 500-1000 50
4. Assay Time 1 test=7 days 3 days

Total=3—4 weeks

5. Operator Error high low
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Since the RNA assay detects a nucleic acid, the organism can be dead and still be

detected. The sample for the RNA assay can be stored at eithéf room tem'peratu'r'e’ or4°C -

for a minimum of four days without decrease in signal intensity ('Fignre" 13).

The RNA assay was examined using field samples. These initial field samples (case
study 1 and 2) were not confirmed by the microscopic/culture assay; In case study 1,
herd 1, there was no T. foetus infection detected while in herd 2, 17% Qf‘ the animals
were positive by the RNA assay. The infection found in 'hard 2 aorrelated w1th the lower | B '
reproductive rate (70%) versus herd 1 (79%). Since thésé herda : ‘werel‘ sampled
differently, it was nnt possible to determi_ne how sampling mignt have affected'the
outcome of the assays. Of the eleven bulls placed with the heifers of herd 2 (case study |
1) on May 22, ten were pulled on July 8. The last bu_ﬁ was pulled on July 31 after he
had escaped and was found in a third herd near Columbus. The Columbus herd was. pant '
of a'1700 cow operation located in seven ranches in ‘eastern Montana In February, '
Agncultural Bioengineering Inc. (Bozeman, MT) tested 58 bulls for tnchomon1as1s from
this 1700 cow operation using the RNA assay. The only bulls tested positive in t,h1_s group
were from tne herd north of Columbus where the escaped bull was found. The‘ results
indicated that the escaped positive bull from herd 2 (casé study 1) had an active 'inféction
which was spread to the Columbus herds. The pregnancy rate in the Cnlumbns herd was
97% in September, however, data on thé calving rate was unavailable. These initial ﬁeld
samples are minimal and unconfirmed by any independenf'assay, full épidemialogy and

testing of the RNA assay remains to be completed. In conclusion, the diagnosis of T.

foetus infection, with the RNA probe test (RNA assay) has significant advantages over
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a PCR-based DNA assay and conventional microscopy. These studies also indicate that
DNA hybridizatibn‘ can provide a sensitive alternative diagnostic method which should
be especially useful in-the anélysis of large numbers of samples. ‘Although the current
protocol relies on radioactive isotopes, adaptation to a highly sensitive nonradioactive

detection system should be the next step in the development of this assay.
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