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jtection of Trichumonas vaginalis antiaea. ' IN VITRO CULTIVATION OF THE TRICHOMONADIDAE:

A STATE OF THE ART REVIEW

LoUIS S. DIAMOND

Ilegre. RS. Bra~ill

of trichomunia,is bv indirect fluo
Ab I Th t . h d f .. h d d.. I . .s ract: e rlC omona so Importance In uman an veterinary me Iclne can al he CUItIV-

" Ited in ~itro. Most of them are easily axenized with the aid of antibiotics and migration tcchni-

sill
C I I.. d d d f h " I "" f . h d "

q~. omp ex 'quI me la use ur t e axenIc cu tlvatlOn 0 trlc omona S contaIn: (I) peptones
Imong wonlCn attending a vcnereal di~. f .". ... .mixtures 0 pcptldes and amIno acids prepared by h~"drolytlc treatment of proteIns, (2) liver

or yeast extracts serving as source of B vilamins, purines and pyrimidines. (3) maltose or glucose

." .as the primary source of fernlentable carbohydrates, (4) buffer, (5) reducing compounds, (6) small
rrlchomonas vaglnalls. t f (0 01 0 OS 0 ' ) .d .". " I d . I dquan Ity 0 agar. -./0 to al In maIntainIng a ow re ox potentIa, an l7) serum

sberg,GDR) .wn. d " t '
II .. dsdf . d8T I I. kl I. d ... ." ..rvVl mg essen la IPI an ally act s. () race meta s are most ley supp Ie as Impurities

'mlology of Trichomonas vaglnalls ..or other ntedium components. Addition of iron supplement, however, favors the growth. A pH

range 6.6- 7.2 is suitable for the cultivation of most trichomonads, a pH 6.0- 6.3 is optimum

for Trithol1wna.f vagina/is. Chemically defined mcdia have been recently developed for the axenic

cultivation of T. vagina/is and semi-defined media are available for T. gallinat'o Tritricho/'/fmu.,

jJtlUS and trichomonads from poikilothermic animals. Trichomonads are easy to plate in agar

media if the incubation is carried out in anaerobic gas mixtures. Plating methods provide a useful

tool for study of trichomonad nutrition, genetics, antigenic variation and drug susccptibility

and their wider use is recommended. Further investigations are needed to deal with problems

of cultivation. Advanced experimental methods would be of little use in absence of elficient

Rans of growing the parasites in vitro. In addition. elucidation of the nutritional rcquirements of

lrichomonads. which can come about through the use and further development of chemically

defined media, is prerequisite for targeted chemotherapy.

y words: Trichomonadidac, cultivation, in vitro. Kenic, axenic, defined media. cloning.

ling.

I NTRODUCfION

The trichomonads of greate!;t intere!;t in human and vctcrinary medicine can all
be cultivated xenically with a mixed bacteria! flora. More importantly, with Ihc
exception of Tr;chomonas lena.\', all of them are easily axenized, especially the thrcc
IXithogenic species: Trichomona.r gallina£', T. I'ag;nal;s and Tr;lr;ch(}m(}na.\" ji:Jelu.\..

A.,lIor's address: Laboratory of Parasitic Diseases. NIAID, National ln~titutes of Health,

Bethesda, Maryland 20892, USA.
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MEDI}Since axcnic cullurcs arc the more versatile of the two types of culture!', these win

be featured in lhis prcsentation.
X .

C I '

'. " , , enlc U ture~

Four Issues will be addres!;ed: I) techniques of axcnlzallon, 2) the medIa used
for axenic cultu~, 3) a,gar. plating Ilnd cloning, and 4) the chullcnges of unsolved Many media are available for lhis purpose

problems of uxcnlC cultivation. .
f tl II.. ( It TAYLORand BAK.bon 0 age JCates consu

(1934) Ringer's Solution.Dried Blood SerurrTECHNIQUES OF AXF:NIZATION (1925) LES Medium. lhe latter, known to

..". to be used successfully for the xenic cultivaticThe natural habitats of tnchomon3ds arc also the hablt~lts or 3 variety of bactena b BoI:CK (1924) ror cultivut ion of intestina'

and fungi. Therefore, the fir~t problem to be dealt with in ~Ixenizing a trichomonad ¥

is to free it of its as.'iociated microoreanisms.
A . C I.,~. "', xenIc u ture,The earlIest workers takIng advantage of trichomonad motIlity devIsed a variety

of mierntion techniques to frcc their isolates of other microorganisms. The most Th d ' d ,. th ', purpo o..
can be-e me IU use lor I~ "'-

widely used has been Glaser and Coria'~ 'V' tube technique first reporled in 1935, .

d fi ed d h ."' Ily defined~I. e In .un c emlco.. .I used a modification of the original de~ign with great effectiveness (DIAMOND, 1957).

REES (1937) intrudUl.'ed the use of micromanipulation techniques to axenize T.foelUS, U d f . d d .
n e Ine me laThe liter~tture on these techniques has been reviewed (DIAMOND. 1983).

M~rn workers ~ave grdvit~ted to the ~se of.antibiotics and I highl.y fe(.'Ommend The undefined media are the most widely
them wIth the provIso that their use be dIscontInued as soon as axenic growth has sition. The major ingredient~ are shown

been attained, Antibiotics arc not without effect on the trichomonad~. KOTT and po

ADLER (1961) reported the antigenic types of two strains of T. I'aginali.r changed Table I. Mllj"r ingredients ,if IInd..li"..d "",dia lor
after treatment of the cultures with antibiotics, Chlordmphenicol can he toxic for

T. I'aginali.\ (HONIGRERG, 1978). STABLI:R et ai, (1964) reported the use of ~trepto. I. Pept~

mycin resulted in attenuation of virulence of T. gallinae, 2. Liver/Yc
E h ' ' h .,.,d.h h ' f '

h " 3.Carboh)

ac investigator as a ~pecla prelerence regar Ing t e c Olce 0 antI IOtlCS. 4. Salts/Bu

1 use a mixture of penicillin, I (XX) units/ml, and streptomycin sulfate, I !J.g/mL 5. Reducin

supplemented with kanamycin or gentimycin, 50 (J.g/ml to errddicate both bacteria ~: ~~~
and mycoplasma, and mycostatin 100 !J.giml to rid the culture of fungi. fungi can 8, Trace m

also bc climinated by culturing the trichomonads xenic-dlly for several subcultures

before attempting axenizatiOll, The rungi cannot compete with the bacteria present
f h d'., ..1) A common feature 0 t ese me la IS

In the culture and are eliminated. '
d 'tof~"... ' , '. .e

g. Trypticase an enzymatIc Ige~ "-Xenic cultures serve frequently a~ a source of tnchomonads for the initIation ., '.

h ." 11' of beef muscle T ese consIst pnnclpa y 0
of axenic cultures. The only exl.-eption to this, as far as I am aware, IS T. lena,f, ..

h ' be..." '" , .the proportions of t e constltutents me I
I was able to establish axenic cultures ofthl~ species only with monoxemcodlly cultlY' .

h. h h .' I bs' ' , lytic treatment to w IC t e ongma su

ated organisms (DIAMOND. 1962).

h h t the an.." .and longer t e treatment. t e grca er

Axenic cultures of the three pathogens, T. gaillnae, T. \'aglnalt.\ and T. filetlt,I', atn '.

l 'h ' ., .' d"Ii d h . I d ' I content and v ICeversa , ese peptones arebc and are most frequently InItIated by Intro uclng In ecte o~t materia lrect y ,
f .", .'. is a specially rich source 0 ammo sugars.

mto medIa used for axenIC culture. In fact, the ease wIth which axenic cultures .

I.., ." ..2) A liver or yea~t extract IS a ways piof these ~pecle~ can be InitIated has led to Increasing use of axenIc culture technIques
be dded' , , , incorporated, peptone~ may not a . for the dIagnosIs of mfectlon, "

I U..- the liver and yeast serve pnman y a~ so ,...

3) Maltose or glucose serve as the prill222 ..i
I ' 1.-\
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the two types of culture~, thesc will MEDIA

; of axenization, 2) the media used Xenic Cultures

, and 4) the challenges of unsolved
Many media are available for thi~ purpo..;e, some ~pecifically developed for cultiv-

ation of flagellates (consult TAYLOR and BAKER, I 96X). I recommend two -RAKOFF'S
NIZATION (1934) Ringer'~ Solution.Dried Blood Serum medium, and BOECK and DRBOHLAV'~

(1925) LES Medium. -'-he latter, known to most investigators as the first medium
the habitats or a vuricty of Nlcteria to be u.-;ed su(.-ces~fully for the xenic cultivation of £'ntamtJeha hi.\'f()lytica, wa~ devised

alt with in IIxenizing .1 trichomonad by BOECK (1924) for cultiYdtion or intestinal fulgelllltes.

Itomonad motility devised a variety Axenic Cultures

If other microorganisms. The most
be technique first reported in 1935. The media u.-;ed for this purposc can be divided into thrcc types. Undcfincd,
great effectivenes~ (DIAMOND, 1957). semi-defined. and chemically defined.

tion technique~ to axenizc T.I(ll'tus.
wed (DIAMOND, 1983).. Undefined media

antibiotics and I highly recommend
nued as soon as axenic growth has The undefined media are thc mO'it widely used, and are strikingly similar in com.
=t on the trichomonads, KOTT and position. The major ingredients are shown in Table I. They are discus~ed below.

wo strains of T. "aginali.\' changed
Chloramphenicol ("an be toxic for Table I. Major illgredi~nt.l' of "nd~fi/lE'd media for u.\:enic cu/turf' (if TrichIJm(J/lad.,

(1964) reported the usc of strepto-
aJlinae. I. Peptone

-.2, Liver!Yeast
'gardmg the choice of antibiotics. 3, Carbohydrate
nd streptomycin sulfate' u.g/ml 4, Salts/B;uffers

I I .'. , 5. Reducing agents
!Jog m to erradll:ate both bacteria 6- Agar

.id the culture of fun2i, Fungi can 7. Serum
I ' ~ 8. Trace melals

S xenK.'ally for several subcultures
compete with the bacteria present

I) A common feature of these media is the presence or one or more peptones,
If trichomonads for the initiation e.g., Trypticase, an enzymatic digest of casein, or Bacto Peptone, an enzymatic digest
.s far as I am aware, is T. lena.t". of beef muscle. These consist principally of mixtures of peptides and amino acids,
ies only with monoxeniC"dlly cultiv. !be proportions of the constitutents being dependent on the intensity of the hydro.

lytic treatment to which the original substrates have been subjected. The harsher
toe, T. \'ugmali.\' and T. ,I'll't".\', can and longer the treatment, the greater the amino acid content and the less the peptidc
jng infected host material directly content, and vicever5a. These peptones are also a ~ource of trdce metals. Tryptic-dse
ease with which axcnil: cultures ~ a specially rich source of amino sugars.

19 use of axenic culture techniques 2) A liver or yeast extrdct is always present, In some media in which liver is
incorporated, peptones may not be added. Liver itself is rich in amino acids. Both
!be liver and yeast serve primarily as sources of B vitamins, purines and pyrimidines.

3) Maltose or glucose serve as the primary source of fermentable carbohydrate.
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4) H~lTcring or lhc medium i~ u~ually accompli'ihcd through usc or sodium and/or the rresh whole serum u~cd in TYM a
potassium phosphate salt~. I prefer combinations of the latter. Sc.mium chloride may thi~ modiflC.ltion. I-lagell.lte yields were
be added as a constituent of the medium. In other ca~s it i~ provided as a contaminant supplemcntL-d medium.
of the biologica] produ(.'ts in the medium.

5) All of the medut contain reducing agents. Cysteine is the mO,'it commonly used. Semi-defincd mcdia
Thioglycollatc and thiomalic acid have been used, but to a le~ser extent. I have had
unusual ~ucces~ with a combination or cy~teine and ascorbic acid. Sever.11 of lhcsc media have been de

6) Agar is often added to the media used in axenic cultivation of trichomonads. medium of SIIORB and LUND (1959), al
When it is, it is used in vcry ~mall quantities, from 0.01 to 0.05 /~. Agar i~ added cultivation or T. ,l.'cll/inae. T. I"agina/i.~
primarily to aid in maintaining a low redox potential. In addition, J suspect that LEE ct al. (1962) for cultivation of tricl
it provides binding site~ for the nutrients in the medium and in this way aids the STEAD'S (19KI) modified CMRl 1066 fi
growth of the nagellatcs. In attempting isolation of a trichomonad directly in axenic descrihed a scmi-de/lned medium, HUl
medium, I make it a practice to inocu]ate medium with and without the addition
of agar. Chemically.Ocfincd Media

7) Serum i~ an essential ingredient of these media. It providcs a host of nutrients,
among them lipids, fatty acid~, amino acids and trace metal~. It also acts a~ a deto- Thc crcdit for developing the first ch

.xitying agent. Cattlc, hor~ and sheep have been the most widely used sources of to LtNSTEAD (19M I), who dcscribed DI
serum. SAMUELS and BElL (1962) replaced ~rum with crC'dm for axenic cultivation T. I'agillu/i.\'. Especially noteworthy was
of ~verdl trichomonads in undefined media. block in developing" defined medium, ,

M) Except for iron, nothing is known about the trace meta] requirements of cholesterol, .lnd GPOS (OL-GlYL'eryl-I
trichomonads (con~ult PETERSEN and ALDERI:TE, 19X4, and GORELL, 19&5). HoL-
LANDER (1976) was probably the fir,,;t to add an iron supplement to a medium for AGAR PLATING TE(
the cultivation of trichomonads. The iron was in the form of a sulfate and wa.~
added to a modifiC'dtion of DIAMOND'S (1957) TYM medium. Dr- C. F. T. MATTERN Thc .Ihility to grow cell~, be they p
(personal communication) reported having unusual sU(..'(.'Css iscllating T. \'aginalis colonie~ on ag.lr plates provides a powt
directly from clinic-dl material using TYI-S-}} medium devi~d by DIAMOND et al. attrihutes as their nutritional requiren
(197M) for axenic culture of Enfclll/(JehC/ hisf(1/)'fica. One rcason for Mattern's ~uccess sensitivity. With care the technique~ c
may he that this medium is ~upplemented with iron in the form of ferric ammonium In the la~t regard, wherea~ generation
citrate. Other trace metals, for which the rcquirement~ are unknown, are mo'it likely plating for cloning, many protozoolol
supplied as impurities of other component~ of the medium. way to clone a population is to do it

A pH ranging from 6.6 to 7.2 i~ acccptable for the cultivation of most tricho. protozoologist has an advantage over
monads. A pH of 6.0 to 6.3 favors the growth of Tricho17/(ma,f I"aginuli,f. organi~m much easier than can the

The two most widely u~d undefined media ror cultivation of trichomonads are: a method for cloning trichomonads ir
CPlM (JOHNS<)N and TRU.~ELL, 1943) devised ~Jx:Cifically for the cultivation of layer of agar and isolated hy a holl(
T. I"aginu/i.\., hut used for the culture of several trichomonads; and TYM (DIAMOND, objective. This devicc permitted direct
1957), developed for the growth of a wide variety of Trichomonadidae. The most Several tcchniqucs have been devi~
recent addition to the li~t of thcse l1agellate~ grown in TYM is Trilri('hfJl//CJl/U,\. muris. the use of a ~ingle agar layer, others
SAEKI et al. (19M3) ~ucccedcd in growing this tlagcllate axcnically in TYM supple- bottom layer is a hard nonnutritive sup
mented with an autoclavcd murinc cecal extract- agar inoculated with thc a~say organisr

Relinemcnt or the available undefined media C'dn be expected to result in improved conditions. Atmospheres of carbon di
yields of ftagcllates, but for mo~t research purpose~ acceptable levels of growth have been used. Consult DIAMOND (19
have been attailled. ScHWAK1Z (1980) ~ubstituted Loctrler's dried blood serum for descriptions of recommended techniqu
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Iplished through usc of sodium and/or !be frc~h wholc scrum uscd in TYM and succeeded in culturing T. ,'aginali.\' with
>ns of the latter. Sodium chloride may Ibis modification, Hagellatc yields werc equal to those obtained with thc fresh serum
creases it i~ provided as a contaminant supplementcd mcdium.

Cysteine is the most commonly used. Semi.dcfined medi~I
sed, but to a les.'ier extent. I have had
Ie and ascorbic acid. Several or these media have been developed. Amtmg them C'dn be listcd the SL

1n axenic cultivation of trichomonads. medium of SIIORB and LUND (1959). and SLM of LUND and SHORB (1962) for the
from 0.01 to 0.05 ~~. Agar is added cultivation of T. ,~tlll;llae. T. I'tlgimt/i.\' and T. jiJE'l/ls; media 5E and 7F. devised by !

potential. In addition, J suspect that LEI: et al. (1962) for cultivation of trichomonads of poikilothermic hosts; and LIN' :
he medium and in this way aids the STEAD'S (19XI) mtxlirled CMRL ItJ66 for T. ,'agillalis. Rccently, WANG et al. (1984)- ~
In ora trichomonad directly in axenic described ~I semi-defined mcrlium, HUT, for T.,fiJt'I/IS. i

:dium with and without the addition
Chemically-Defined Media

nedia. It provides a host of nutrients, ~
d trace metals. It also acts as a deto- Thc credit for dcvcloping the first chemically defined media for Tr;chofll(ma.1' goes
een the most widely used sources of to UNSTFAD (1981), who described DL 7 and DL X for the axenic cultivation of
1m with cream for axenic cultivation T. Vagifwl;.\.. E~pt.'Cially noteworthy wa~ the replacement of serum, alwdY~ a stumbling

block in developing a defined medium, with a mixture of bovine albumcn Fraction V, i

out the trace metal requirements of cholesterol, ~md GPOS (DL-Gly<:eryl-L.-Palmitate-2-oleatc-3 ~eardtc).

TE, 1984, and GORELL, 1985). HOL-
m iron supplement to a medium for AGAR PLATING TECHNIQUES ANI> CLONING
S in the form of a ~ulfate and was
'YM medium. Dr. C. F, T. MATTERN The ability to grow cclls, be they protozoa, b;.Icteria, or tumor cells. as diocrete
1usual succe~s isolating T. vagina/is colonies on agar plates provides a powerful tool for the study of such diverse cellular
medium devised by DIAMOND et al. attributes as their nutritional requirements, genetics, antigenic variation, and drug

ca. One reason for Mattern's success sensitivity. With care the techniques can be 'used for cloning of wild populations.
iron in the form of ferric ammonium In the last regard, whereas generations of microbiologists have depended on agar
ement~ are unknown, are mo~t likely plating for cloning, many protozoologists remain skeptical believing that the only
he medium. way to clone a population is to do it visually using the microocope. Of course thc
: for the cultivation of most tricho- protozoologist has an advantage over the microbiologist, he can visualize a single
of Trichol1lona.1' \'a.~inali.\'. organism much easier than can the latter. KULDA and SERBUS (1968) described
for cultivation of trichomonads are: a method for <:Ioning trichomonads in which the flagellates were spread on a thin
.i specifICally for the cultivation of layer of agar and i~olated by a hollow puncturc knife attached to a microscope
lrichomonad~; and TYM (DIAMOND, objective. This device permitted direct ohservation of thc ccll to be isolated.
iety of Trichomonadidae. The most Several techniques have been devised for plating trichomonads. Some involve
'WTI in TYM is Trilric'hlJf//()IlaS ff,ur;s. the use of a ~ingle agar layer, others a double layer. In the case of the latter, the I
lagellate axcni<:aJly in TYM supple- bottom layer is a hard nonnutritive supporting agar, and the top l;syer a soft nutriti~e I:

agar inoculated with the assay organisms. Incubation is carried out under anaerobIc :
:an be expected to result in improved conditions. Atmospheres of carbon dioxide, hydrogen and even illuminating gases I
IrposeS acceptable levels of growth have been used. Consult DIAMOND (1983) for a review of the literature and detailed :
ed L.oefl1er's dried blood serum for descriptions of recommended techniques. .

225 .

,

l



Despite the fact that the trichomonads are relatively easy to platc, only a handful Ahovc all else, wc nced more your

of investigators have made use of this technology. Agar plating techniques have been and deal with the problem, of cultivat

employed to study drug sensitivity (FILADORO and ORSI, 1958, SAMUFI-S and STOUDER, the thing, and if you are not seen car

1962, and WEST et al., 1962), for cloning (IVEY, 1961, SAMUI:LS, 1962), :or s~u~y your hand you arc not one of the in g:

of colony morphology (1IoLLANDER, 1976), for the assessment of hemolytic activIty genes of.1 trichom{lnad if you do not I

as an indicator of viruleJlcc (KRIEGER et aI., 1983), and most recently for isolation

of mutants of T. .(rJeIU.\, in the study of purine and pyrimidine metabolism (WANG REF

et al., 1984). BoEf"K W. C., 1924: Studies on Tricercom,

Aln. J. Trop. M(,d. 4: 519-535.

UNSOLVED PROBLEMS IN AXENIC CULTIVATION: THE CHALLENGES BoFCK. W. C.. J. DRBOIILAV. 1925: The cuI

371407.

DIAMOND. L. S.. 1957: TllC eslablishment of'

Relativel

y few of thc described Trichomonadidae have been cultured axenically. culture~. J. Pal'asi!"f. 43: 4~8 -4~. ,

., '. DIAMONI>. L. 5.. 1962: Axenic cultivation (

Moreovcr, not all of those which have been cultivated xenICally, have been cultured I. Fstahlishment of f;ultures. J. PrulozaCl[.

axenically. The availability of such cultures would promote the study of the bio- Dltn~~DVi~~osCu:tr~t:io~u:re~r:t~~~~~8~~

chemistry, physiology, immunology, etc., of these parasites. Information so gained 65-109.

Id dd ' . II k I d f .. t '
k t ' DIAMOND, L. S., D. R. HARLOW, C. C. Cu"" wou a materia y to our now e ge 0 prlml Ive eu aryo es. of Entamoeba histolytica and other Enlam.

FILADORO, F., N. ORS!. 1958: Cultivation 01

Ch'll I application to the assay oftrichomycin.p(a enge GLASER. R. W., N. A. CORIA, 1935: Punfic

MULLER) fron1 cows. Ani. J. H:~-g, 22: 221

hod ' h ' h . 11 . bl ' .. 1.. f .
I fthe GORIOLL.T.E.,1985:Elfectol"culturcmediu Develo p met s w IC WI ena e axelt~ l:U tlV'dtlon 0 more specle~. am 0

b I. f T '. h m na ' va u l' nall'
J Ime~a ;J I:;m 0 rl': () 0 opinion that the basic media to (lccomplish this are available. They may need modi- HOLLANDICR, D, H.. 1976: Colonial morphol

flcation. For example, T. muris, a species refractory to all attempts to grow it in

H 62: .826 ,82 B 8

M 19 7 8 ' Trichomonads of

ONI(,a"R(.. .., '.

vitro, was finally cultiV'dted, and axenically at that, in l'YM supplcmented with an loa, Vol II. Ed: J. P. Kreier, Academic P

...,,'.

d . , . I Ie IVEV,M. H.. 1961: Growthcharactenstlcso

autoclaved murIne cecal extract (SAKEI et aI., op. Clt.). As note ear fer, was ab

JP ' I 47. 5~9 544
arcI.'//" ..-,

to axenize T. lena.,' from monoxenic culturcs, but not from clinical malerial or xenic JOH~s(JN, (t.. R. E. TRUSSILL. 1943: Experi

vaginali,; inf\.'.-;tatil")ns, I. Prl'c. Soc. £.\.Pf'r.

culture (DIAMOND, 1962). KOTT, H.. S. ADL"R, 1961: A scrological Stl

Knowledge of the nutritional requirements of (In {lrg;dni~m and the pathways Soc. Tr"I'. Me(i. HYK. 55: 333 344.

, . h I. f h ...
Ii d h KRIE(;[R J N. M. A. POISSOI"'. M. F. R

Involved m t e metabo Ism 0 t e nu1rlen1s are prerequIsIte or targete c emo- ." 'j " ' late Wl 'th vl' rulcn " c j -l'ecl
vagina l!i CI)rrc. ~ ~. '\I' :

therapy at the molecular level. Nowhere is this better illustrated than by the work KULDA. J., C. SFRRlIs. 1968: I!;olation of trt

,
I h h f .a p paratus FI,lill Parasi!I". (PrahaJ 15: 163

of BACCHI and his colleagues who have been able to contro t e growt 0 certain, LEF, J. J" S','PI"R('[. S. H. HUTI-;ER. B, J. SNr

african trypanosomes not only in vitro, but also in vivo by intcrvention of polyamine therms: nutritional and physiological nol~

.." ..,
b Ia DFMO D 1 O . fl UNSTfAD D 1981: I-;ew defined and semi

metabolism wIth the InhIbItor of ornlthmedecodr oxy ,e, ( , .' I uor. chom()~u~.~aginalis. Par(I.,il"I. 83: 125-1:

methyl-ornithine) (Mcc.'ANN et aI., 1983). LUND. P. (j.. M. S. SI\()RB. 1962: Steroid req\

MCCA!-.~. P. P,. C. J. "A('CHI. H. C NA~

and ItlC rational dcvclopment of polyamll

Challenge 2 In: Mef;hunisms IJf Drug Action. Eds. T. P

PETfR~r~, K M., J. l'. ALDfRI'.Tf. 1984: Ir()

folk,w hosl lacloferrin hinding h~ Trich(

Develop chemically defined media in which serial subculture can be achieved. to 410, ..

..'..',

f '

h d bo I R"KOFf. A. E.. 1934: Resulls of Intraperll(

Elucidation of the nutritional requIrements 0 trlc omona scan come a ut on y trichomonad l1agellales (Protozoa). A",. J

through use of such media. As noted earlier, UNSTEAD has developed two such media REES, C. W., 1937: Obtaining bacteria-free r

.. I .
I d I . h . II d Ii d isolation Aln. J. HI'g, 26: 283-291.

for T. ragmahs. WANG et a. (op. Clt.) arc c ose to eve opIng a c emlca y e ne SAEKI. II.. M. To(;o. S. (MAl. T. ISHII. 1983:

medium for T./oeIU.f. One is nccded for T. go/finQt'. This pard,-;ite ~till remains a cause monas muris. Jc,pan, J. Vel. S<:i. 45: 151-

.'. SAMUELS R 1962: Agar techniques for c
of serIous economIc loss among poultry ralser~. 9: 103' 107.
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A bslracl: Classical animal li1xononlY has al~
should probably continue to bc so. Biochemical
firstly because microscopic identification or ~
objeclive tests. and secondly to help res01ve pn
The necessary biochemical and immunological
find no difficulty in converting them imo useful
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INTROI

Classical animal t.txonomy i~ based I
year!; a ~ttisractory definition of a !;pecics .

1962): »A community who~ di!;tinctive rr

of a competcnt sy!;tcmati!;t, sufficiently df

definiti011 is in principle clearly unsound

but in practice il often work!; very well. J

which appelu to be morphologically aim

has led to a ~witch of cmphasi~ towards

interbreed; and a current definition mi~
potentially interbreeding populations wh

such group!;« (SAVORY, 1962). This newel
in many area!;, including any of the pro

life cycle; and for these and many other (

criteria will remain paramount. I n our 0
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