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Method for the Simultaneous Establishment of 
Many Axenic Cultures of Paramecium*? 

SYNOPSIS. A method is described for the simultaneous treatment of 42 (or more) stocks of Paramecium,  and their adapta- 
tion to growth in axenic culture. Samples of dense cultures of these ciliates growing with Enterobacter aerogenes are rendered 
bacteria-free by migration through 2 sets of tubes containing Adaptation Medium (Peters’ salts solution, stigmasterol, vitamins, 
and autoclaved E. aerogenes) . The  2nd set of tubes contains Adaptation Medium plus antibiotics. Bacteria-free samples con- 
taining - 100 animals are then transferred to test tubes containing Adaptation Medium without antibiotics. This medium 
also serves as a growth medium. I t  supports indefinite growth of all Parorneciuni stocks tested. After adaptation to this me- 
dium, the ciliates can be grown in the axenic medium developed by Soldo, Godoy & van Wagtendonk. On a single trial at 
least half of the stocks can be expected to produce axenic cultures within 5 to 10 days by these procedures. The method 
has been applied successfully to several of the species of the Parcinzeciuni aurelia coniplex, to all syngens of Paramecium mult i -  
micronuclentum. to several stocks of Parnnzeciunz jenningsi. and to 1 stock each of Paramecium caudatum and Paramecium 
calkinsi. A modification of the method also works for Didin ium r i a i u t u m .  

Index Key Words: Pnraniecium ciurelia complex; Paramecium niultitiiicronucleotiini ; Paramecium jenningsi;  Paramecium 
caudatum : Pnrcinzeciurn cnlkinsi; Didinium nasutuin : adaptation to growth in axenic culture. 

long-standing nccd h a s  misted for an eaqy. practical method A of transferring siiiiultaneously many stocks of Paramec-iu ni 

feeding on bacteria to axenic culturr. For ccrtain t!pes of bio- 
chemical analysis, thr  prrsence of living hacteyia not only af- 
fects the expression of protozoan products but Iiarterial products 
can be detected ( 1 ,  5, 6 ) .  Olitaining a fr iv  stocks of Paranicriu7ti 
in axenic cultures has not been a problem. For grnrtic and elm- 
ltttionary work. however. hundrcds of stocks may be required to 
sample a cross, a taxonomic group, or  a fit,ld population ade- 
quately. None of the currrnt nirthods for removitig the bacteria 
from Paramecium stocks is satisfactory for large nutnbers. 

Three methods for frrring P n r a m c r i u n i  stocks of bacteria havc 
been described previously : ii ! “h~iind\\-asliiti~” individual cili- 
ates by niicropipette ’ 9 ) ;  ( b  electrumigrati(iri (15, 1 6 ) ;  and 
( c )  continuous washing using an apparatus called “The Tree“ 
(16) .  T h e  1st method is tcdious, laborious. and the yield is es- 
tremely low. T h e  2nd and 3rd methods utilize bulky equipment 
and are not practical for large ~ i u m b t ~ r s  of stocks. Both thr  1st 
and 3rd methods iver(b usrd in ol)taining small numbers of asenic 
stocks of the 14 species of the P .  nurelin complex for enzyme 
analysis ( 2 ,  3 ) .  T o  obtain largt. numbers of asenic stocks for 
such studies a tie\\- method ivas rrquirrd.  Thr mrthod that kve 
have devired is Iiascd r i l x i n  thc 3rd nicthod ‘Thr Tree:. I\ hich 
relies upon a twhaviciral trait of the ciliates !ncgativr geotro- 
pism). They s\vim tip\vard throqgh several n ie tcn  of glass tubing 
containing 0.15% (I\- v j  Cerophyl infusion and antibiotics i 16).  
We have greatly simplified thc apparatus so that large numbers 
of stocks can bc handlcd siiiiultaneously. 

An important problrm common to any method is the adapta- 
tion of Parameciuni stocks to growth undrr asrnic conditions. 
When transferred to the asenic- medium of Snldo et 211.  ( 8 ) ,  a 
long lag period follo~vs beforr thc organism begin to divide. if  
they divide a t  all. Thc  drgree of SUCCFSS in establishing and ’or 
maintaining qron.th in this medium is l m v .  although highly vari- 
able for different storks and spccies. Clcarl>- nrrded were pro- 
cedures \vhich permittrd hettcr adaptation to groirth in asrnic 
culture so that the >-irld of c~utal)lish~d c-rtltiircs could be im- 
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provrd. \Ve  introdiicc a new medium which facilitates adap- 
tation. 

The  method described below permits not only the handling 
of larSc numbers o f  stocks but it also results in a high yield of 
successfully t>stablishcd axenic cultures. I n  addition, it appears 
t o  l it ,  applicxlde t o  several differtwt sprcies of Paramecium.  

hI:ZTERIAI,S AND METHODS 

Storl;s.-Bacterized cultllres (with living Enterobacter  aero- 
gcnes, ,  of a large number of stocks of P a r a m e c i u m  primaurel ia ,  
P. biuurclia, P. tatraurelia, and P. octaurelia, stocks from all 5 
hyngcns of P. ~rirtlti?iiic~onuclcatum and from the one syngen of 
P .  j t ,nnzngJi ,  and 20 stocks of Paramecium unidentified to spe- 
c k ,  were graciously supplied by T. M. Sonneborn and M. V. 
Schneller (Indiana University). I n  addition, we have small 
numbers of stocks representing each of the other species of the 
P. aurclia comples. Species names were introduced recently by 
Sonnrborn for each of the species in the P.  aurelia complex (13) 
thercby supplanting the numbered species designation introduced 
previously ( 1 2  j and the older designation, syngen ( 10) .  Syngen 
designations are, however, still used for the 5 noninterbreeding 
groups of P. ~~iu l t i i r i ic~onuclea tum and the one known group of 
P.  jcnni?i,gJi.  T h c  Imctcrized stocks were inaintained with E.  
acrogrnc.c in 0.25% (iv,’\~j Cerophyl infusion in the manner dc- 
scril>ed by Sonnetiorn (9,  11 ) .  Axenic stocks of P .  caudatum and 
P .  c-alkinsi \vere kindly supplied by R. Napolitano (Brooklyn 

dvcnic  Medium-\Vr use the medium developed by Soldo 
r t  al.  ‘8 but r v r  do not prepare it in the manner described. The 
niediiini, without the \vitamins, is autoclaved under 15 lbs pres- 
sure  for 20 triin. T h e  vitamins, sterilized by filtration, are then 
added. In some esperimcnts autoclaved E. acrogeries was added 
at  a final concentration of 100 pg dry weight/ml (or 5 x 108 
Iiactcria/ml). 

Adaptation M e d i u m - T h e  components of this medium along 
{vith tht*ir final roncentr;itions (,ug/ml) and comments are 
sho\\-ii in Tablc 1. T h c  vitamins are added srparately after being 
~t t~r i l i7rd by filtration. 

.Intibiotic llyash .Solutio?z.-This is Adaptation Medium with 
the addition of atitibiotics-rither neamine ( a  gift from the 
Upjohn Company, Kalamazoo, Michigan; final concentration: 
50 p ‘ n i l )  or  I\ntil~iotic-Antiriiycotic Mixture (obtained from 
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TABLE 1. Composition of adaptation medium, 

Conc. Conc. 
Components (pg/ml) Components (wdml) 

_____ 

( A )  Peters' salts solution" ID Vitamin mixture§ 
NaCl 600' ' Ca-pantothenate 5 
CaCL. 2Hz0 20 Nicotinamide 5 
MnS04. 7H20 10 Pyridoxal-HC1 5 
NGHPO~ 10 Pyridoxamine-HC1 2.5 
KC1 10 Riboflavin 5 

Folic acid 2.5 
(B)  Stigmasterolt 5 Thiamine-HC1 15 
( C )  Autoclaved Biotin 0.00125 

Enterobacter aerogenes* 100 m-Thioactic acid 0.05 

* See Ref. 11 ; solution adjusted to pH 7 ,  with 1 N NaOH. 
? Stock solution prepared in absolute ethanol ( 2  mg/ml) ; 2.5 

ml of the stock solution added to 1 liter of solution A. Final con- 
centration equals that in the medium (8)  used for axenic cultures. * Concentrated ( l o o x )  stock culture prepared in solution A 
and pressure-sterilized (121c, 151b, for 15 rnin). Sterile stock 
culture added to sterile mixture of solutions A and B to give a final 
concentration of 100 pg dry wt (5 x 10' bacteria)/ml. 

9 Aqueous lOOX stock solution sterilized by filtration and added 
to the medium (10 ml/liter) to give a final concentration equalling 
that in the medium used for axenic cultures. 

Grand Island Biological Company, Grand Island, New York) 
which contains penicillin ( 10,000 units/ml), streptomycin (10,000 
pg/ml) and fungizone (25 pg/ml), and is diluted to the final 
concentration of 1/100 (v/v). 

Growth Medium Used Immediately before Elimination of 
Bacteria.-Enterobacter aerogenes is grown on Tryptic Soy Broth 
(Difco Laboratories, Detroit, Michigan) at 30 C to a concen- 
tration of 10"/ml. The bacteria are then centrifuged at 1,085 g 
for 20 min and washed twice with modified Peters' salts solution 
containing stigmasterol and vitamins (Table 1 ) . For optimum 
growth of Paramecium the final concentration of living E. aero- 
genes must be at least 108/ml as determined from a standard 
curve relating absorbancy to plate counts. 

Apparatus for Sterilization.-The 3 types of tubes used are 
diagrammed in Fig. 1. Two types of assemblies, which are em- 
ployed in sequence (to be described below) are shown in Fig. 
2. A wooden rack (not shown) was designed to accommodate 42 
of thesc assemblies. 

Growth of Paramecium before Elimination of Bacteria.-Ap- 
proximately 100 ciliates are added to test tubes containing 5 ml 
of a living bacterial suspension (- los bacteria/ml) in modified 
Peters' salts solution. The ciliates are grown for - 1 week at  
23 C (or until a dense culture is achieved). 

Procedure for Obtaining Axenic Cultures.-A Pasteur pipette 
with a cotton plug in the end (Fig. 1 : tube A )  is initially filled 
by capillary action with 500-1,000 ciliates from a dense bacterized 
culture (fluid volume 0.1-0.2 m l ) .  The open end of the pipette 
is then sealed with heat. All air bubbles are removed from the 
tube by lightly tapping the pipette. 

The cotton plug from tube A is then removed, and the lip of 
the pipette is flamed. The aluminum foil from tube B (Fig. 1 )  
is removed, and the top of the Pasteur pipette is inserted into 
the rubber sleeve. The assembly is then mounted in a wooden 
rack. A 5-ml aliquot of Adaptation Medium is added to the 
assembly, all air bubbles are removed from the column, and the 
assembly is filled to the top with Adaptation Medium. The in- 
verted culture tube is removed from tube B, and the aluminum 
foil is removed from tube C. The top of the glass tube ( B )  is 
inserted into the rubber sleeve of tube C. The complete assembly 
(assembly 1 )  is shown in Fig. 2a. The final tube is filled to the 

top with Adaptation Medium, the clamp is opened, and the 
ciliates are allowed to migrate overnight. 

The next morning after the ciliates have migrated, the clamp 
in tube C is closed. Tube C is removed and then connected via 
the rubber sleeve to a new tube B. This assembly (assembly 2 )  
is shown in Fig. 2b. A 5-ml aliquot of the Antibiotic Wash So- 
lution is added, air bubbles are removed, and the tube is filled 
to the top with this solution. Migration of Paramecium begins. 
After 2-6 h a sufficient number have migrated to the top of the 
column so that a sample can be removed. 

The ciliates are removed by capillary action from the top of 
Assembly 2 with sterile Pasteur pipettes which have previously 
been drawn to a fine point. This procedure is carried out by 
laying Assembly 2 horizontally on a dissecting microscope in a 
sterile chamber and observing the process at Iow magnification. 
The paramecia, now in the Pasteur pipette, are delivcred to 
screwcap culture tubes containing 5 ml of growth medium. In 
the present study, 3 different growth media were tested: Axcnic 
Medium, Axenic Medium plus autoclaved E. acrogenrs, and 
Adaptation Medium. As is evident from the results, Adaptation 
Medium gives the best yield; therefore, it is the medium we now 
use routinely for adaptation to axenic culture. 

Adaptation of Paramecium to Axenic Culture.-We have 
found that Adaptation Medium containing autoclaved E. aero- 
genes also serves as an excellent growth medium. After growth 
in Adaptation Medium, all the stocks we have tested grow suc- 
cessfully in Axenic Medium. 

Adaptation Medium was developed as follows. The indi- 
vidual components of Axenic Medium ( protcose-peptone, trypti- 
case, yeast nucleic acid, TEM-4T, stigmasterol, and \,itamins) 
were removed one at a time, adding autoclaved E. aerogenes 
at a final concentration of 100 pg/ml. Only xvhen the vitamins 
were removed did the ciliates stop growing immediately. In 
the absence of stigmasterol, their growth ceasrd upon the 2nd 
transfer. Stigmasterol and vitamins in the concentrations used 
in Axenic Medium were added to Peters' salts solution contain- 
ing 100 p/ml of autoclaved E. aerogencs. This medium sup- 
ported the growth of all Paramecium stocks and species in- 
definitely. 

Tests for Sterility.-After transfer of the presumably bacteria- 
free samples of Paramecium to test tubes rontaining growth 
medium (Axenic, Axenic plus bacteria, or Adaptation), the test 
tubes are examined over the next week for signs of bacterial 
contamination. Tubes which appear free of bacterial contami- 
nation are subjected to a sterility test. From these tubes 0.1 ml 
samples are inoculated into test tubes containing 5 ml of Tryptic 
Soy Broth and also plated onto Tryptic Soy Agar. In addition, 
to test for bacteria which may have requirements for components 
present in Axenic Medium, additional test tubes and agar plates 
are prepared with Tryptic Soy Broth containing 20% Axenic 
Medium (v/v) . All test tubes and plates are incubated at 30 C 
for 2 weeks. 

RESULTS AND DISCUSSION 

Three crucial steps can be identified as necessary for succeqhful 
production of axenic cultures of Paramecium. The 1st step in- 
volves the pretreatment of the ciliates, the 2nd step removal 
of bacteria, and the 3rd step adaptation to axmic conditions. 
Pretreatment requires a dense bacterized culture of Paramecium 
so that a very small fluid volume is introduced into the steriliia- 
tion apparatus. This could be achieved by Concentration (see 
Ref. 16) .  An additional requirement, however, is adaptation 
to the environment during the washing procedure. By growing 
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T U B E  C 

,inverted culture 
tube 

clamp 

.aluminum foil 

,inverted culture tube 

,glass tube 

+rubber sleeve 
L 

i-aluminum foi l  

Fig. 1. Diagranis of coiiiponrnt tubes used for the sterilization assembly. .A% prepared from a 23-cm Pasteur pipette; B, glass tubing 
7 OD X 5 ID X 60CJ I, n m .  with a culture t ube  It1 OD x 8 ID X 75 I, I I I I ~ :  C,  glass tubing 7 OD x 5 ID X 230 L mm with a cul- 
ture tube as for B. 
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Fis.. 2. Assemblies uwd for sterilization. .\sscnibly 1 consists of tubes A.  B: and C ;  Assembly 2 consists of Tubes B a n d  C. 
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TABLE 2. Comparison of the  effectiveness o f  neamine and the  antibiotic-antimycotic mixture in  rerrior,ing bacteria. 
-~ 

Bactericidal 
agent Species Stocks Tubes 

Neamine 

Anfibiotic- 
antimycotic 
mixture 

P.  primaurelia 
P .  biaurelia 
P. triaurelia 
P. tetraurelia 
P. multimicronucleat 

Syngen 1 
Syngen 2 
Syngen 3 
Syngen 4 
Syngen 5 

TOTAL 

um 

P.  biaurelia 
P. tetraurelia 
P .  septaurelia 
P. octaurelia 
P. mult imicronucleatum/2 
P .  jenningsi l l  

TOTAL 

No. sterile/total 
27/36 
22/33 
5/12 

15/25 

1 /1  
7/17 
9 1.1 

1 /2  
a4/137 

;;7 

29/3 1 
8/10 
2:2 

34/38 
12/14  
6/6 

91/101 

No. sterile1 total 
73/136 
571109 
1 3: 75 
54 ’9-1. 

3 1-1 

25 157 
8/13 

10/?5 
:i 7 

247 ’480 

76/ I04 
29/41 

7 7  
98)  15(1 
37/5 1 
20/31 

267 /’38-1. 

Paramecium in a medium similar to Adaptation Medium except 
for the presence of living instead of autoclaved bacteria, this 
objective is met. The ciliates that we use are in good condition 
and readily accept the substitution of the autoclaved for living 
bacteria. Older methods used Paramecium feeding on bacteria 
in a Cerophyl infusion which were washed in sterile Cerophyl 
infusion or in sterile salts solution (3, 16).  These solutions differ 
from each other, and they also differ drastically from Axenic 
Medium. 

The 2nd step is removal of the bacteria. The 2 antibiotics ap- 
pear to differ in their effectiveness (Table 2 ) .  For each anti- 
biotic the 1st column lists the species included, the 2nd and 3rd 
columns show the number of different stocks in a species ren- 
dered sterile and the 4th and 5th columns show the number of 
sterile tubes, irrespective of stock (i.e. all data from a species 
pooled). On the average, there were 3.5 tribes per stock for 
each run with neamine and 3.8 tubes per stock for each run with 
the Antibiotic-Antimycotic Mixture. In  a single run replicate 
tubes for a given stock were not highly correlated. This led to 
the higher values seen for the stock data compared to the tube 
data, since there were several opportunities for each stock to 
become sterile. It is evident from the pooled data for all spe- 
cies that 61.3% of the stocks (84/137) and 51.5% of the tubes 
( 247/48O) were bacteria-free after exposure to neamine, while 
90.1% of the stocks (91/101) and 69.5% of the tubes (267/384) 
were bacteria-free after exposure to the Antibiotic-Antimycotic 
Mixture. Clearly the Antibiotic-Antimycotic Mixture appears 
to be more effective, although a much higher percentage (“ap- 
proaching” 100%) was reported by van Wagtendonk & Soldo 
(16) who used the Tree method and neamine in the same con- 
centration as the one used; however, they were dealing with a 
very limited number of stocks. 

The 3rd step is the adaptation of Paramecium to axenic con- 
ditions. In our experience this has been one of the chief hurdles 
in obtaining axenic cultures. Certainly there is some variation 
among stocks within a species as well as among species in the 
ease with which they adapt. This is documented in the review 
by van Wagtendonk (14) with respect to the variation between 
species of the aurelia complex. We will return to this aspect 

later. More important than the species or stock variation are 
the conditions under which adaptation is carried out. We have 
found that the introduction of autoclaved bacteria improves our 
yield of sterile stocks which actively divide under axenic con- 
ditions. Our experiences with different growth mrdia after 
treatment with neamine or the Antibiotic-Antimycotic. Mixture 
are summarized in Table 3. Some of the ciliates that were freed 
of bacteria by neamine treatment were transferred only to tubes 
containing the Axenic Medium of Soldo et a]. (8) and arc indi- 
cated by an asterisk. Another group of similarly treated para- 
mecia were transferred to tubes containing Axenic Medium or 
this medium plus autoclaved E. aerogcnes. Ciliatcs freed of 
bacteria by the Antibiotic-Antimycotic Mixture were transfrrred 
to tubes containing 3 different media, ( a )  Axenic Medium, ( b )  
this medium plus autoclaved E. aerogenes, and ( c )  Adaptation 
Medium. The data are given both by stock and by tribe in the 
mariner described for Table 2. With 1 exception, wherever 
there were multiple tubes per stock, the stock values were higher 
than the tube values. This reflects a lo~v correlation bettvren 
the performance of cultures in tubes of the same stock in the 
same run. The exception concerns the data in the last part of 
the table dealing with the Antibiotic-Antimycotic Mixture-treated 
paramecia transferred to Adapation Medium. The distribution of 
tubes is distinctly nonrandom. Where there were 2 tubes per 
stock, 30/32 sets were positive (one set of 3 tubes was also posi- 
tive). Of thc stocks with only 1 tubc per stock, only 5/43 wcre 
positive. 

For either antibiotic, the yield o f  actively growing ciliates 
was greatly improved by the addition of autoclaved bacteria to 
the growth mrdium, although there was also an effect of the 
type of antibiotic on the yield. If we focus on the tnbc data, we 
see that, after nearnine treatment, 40% of the culturcs grrw in 
Axenic Medium while 61.7% of the cultures grew in Axenic 
plus autoclaved bacteria. Of the Antibiotic-Antiniycotic Mix- 
ture-treated paramecia, 20.2% of the cultures grew in Axenic 
Medium, 36.8% of the cultures grew in Axenic plus antoclavrd 
bacteria, and 62.7% of the cultures grew in Adaptation Medium. 
Clearly neamine appears to be less injurious to Paramecium 
than the Antibiotic-hntimycotic Mixture. The addition of auto- 



T A B L E  3 .  . . fdnptntion to  crsenic culture of bacteria-free cilintes. 

Bacteria Recipicnt 
eliminated by medium Species Stocks Tubes 

Ncamine Asenic Medium 

Nenmine 

Ant iobio t i c . 
antiniyrotic 
mixture 

Antiobiotic- 
antiniycotic 
mixture 

Antibiotic- 
antimycotic 
mixture 

.\uenic Medium + ,iutocla\.ed 
E.  aerogenec  

;\srnic Mediuni 

Asenic Mic.dium + autoclaved 
E.  aerogenes 

Adaptation 
Medium 

clavrd bacteria to the rnediuni favored adaptation and improved 
the yield of axenically gr0Lr-n cultures. T h e  final yield of auenic 
stocks was slightly better than half for each qroup run using 
neamine plus Asenic Medium with autoclaved hac-tcria or the 
Antibiotic-Antimycotic Mixture plus r idaptati~xi Medium. 

A 2nd nirasure of differenct-s in adaptation to the 3 different 
growth media ( Axenic ?rledium, Asenic hfedium plus autoclaved 
bacteria, Adaptation Medium) is the time i t  takes for a culture 
t o  become rstablished in a test tube after the introduction of 
the sterile saniplr. \ire did not kccp accurate records of the “lag 
time” for each culture, s o  we do not have quantitative data. 
O u r  impression, hoLr-ever. is that i t  takrs - 4 tr-eeks for the t’s- 

tablishmrnt of most cultures in Axcnic l f ed ium and - 2-3 \veeks 
for the establishment of nimt rultures in :\senic hfedium plus 
autoclaved E. aerogenes. In  contrast, it takes only 5 to 10 da)-s 
for the establishment of a thriving culture in rtdaptation Medium. 
Once adapted to Adaptation ?\lcdiuni, all of the stocks gre\v \yell 
without a time delal-. 

\$’e have applied our method successfull\- t o  the \pecic-s of 
Paramecium listed in Tablcs 2 and 3 as \veil as to the other spe- 
cies of the P. aurcliu (wmples, t o  one stock each of P. cnudatuni  

No. positive ‘total No. positive/total 
* P  biininurelin 14/20 22/56 

P.  brimnureria 
* P .  biaurelin 
* P .  trinurelici 

P .  tetraurelin 
P .  niul timicronucleut utii 

*Syngen 1 
*Syngen 2 
*Syngen 3 

Syngen 4 
*Syngen 5 

TOT.41, 

P , p rim u 11 re1 ia 
P .  tetrnurelia 
P .  i~~uZt in~icronuclen tu~i i  

TOT.AL 

P.  binureliu 
P .  tetraurelia 

Syngen 1 

2/4 
18/22 
1 5  
7 16 

1 1  
6 7  
3 ‘ 1  
0/2 
1 / 1  

55 81 

5 7  
15/16 

2/3 
22/26 

3/22 

011 
3/a 

P. .\eptnurelia 

P .  t t iult iniicroiiuclentutii  2 2/10 

TOT.4L 1 3 / 7 4  

P. octnurelia 5,2a 

P.  jetiningsi 1 0 15 

P.  binirrelia 7/18 
P .  tetraurelin 216 
P. ceptcrurelia I , /2 
P .  octcrurelia 10126 
P.  tiiultit~iicroiiuclcatuni! 2 2;9 
P.  jenningsi,’l 215 
TOT.4L ‘2-1i66 

P .  binurelin 
P .  tetinurelia 
P .  septau i eliu 
P .  octnurelia 

13/25  
5 8  
112 

13 ’24 

4/6 
24/57 
4/13 

10/24 

1 /4 
11/25 
318 

1/3 
80/200 

6/11 
21/30 

2/ 6 
29/47 

4.1 23 
3/9 
0/ 2 
9/35 
2/11 
0/9 

7/18 

0/4 

18/89 

2/6 
1’2 

11/28 
219 
2/5 

25/68 

213 

23/35 
11/14 

23 f 35  
P ttrultznizcronucleatuni 2 4/12 8/17 
P lenning,i 1 115 2/6 

37/76 69/110 
- -- 

TOT.41, 
~~ 

and P. cczlkinsi, and to 20  stocks of Paranzc~cium unidentified as 
to species. There is some stock variation within a species in 
their ability to adapt to growth in axenic culture. Thus, one 
stock of P. firiniaul-flza, 6 in P. biaurelia, 5 in P. octaurelia, and 
2 from P.  ,iiultitnicronuclenturn, syngen 4, have required 3 or  
4 attempts Xr-ith -1 stocks still unable to grow in axenic culture. 
\ \ r  no$\- have 22 kno\vn species of Paramecium growing axeni- 
call!. -411 stocks and species grow excellently in Adaptation 
?\ledium or in Axenic Medium with autoclaved bacteria. Some 
specirs grot\. \veil I\ hen transferred to Axenic Medium (P. tetra- 
urclia, P. f icntaurcl ia ,  P. se.yaurelia, P .  septaurelia, P. octaurelia, 
P .  qiiodecaurelia, P. jcnningsi, P. c a u d a t u m ,  P. ca lk ins i ) .  Other 
species havc fair to good grobr-th, with stock variation ( P .  pr ima-  
urelin. P. hinurclin, P .  dodecaurel ia ,  P. t redecaure l ia) .  Still 
other spcc,irs contain stocks Lvhich fluctuate in growth ( P .  tria- 
urclin, P .  nor,aurelia, P. dccaurelia, P. undecaurelia and all 5 
syngens of P.  ~nul t i i~z icronuclen tu~n) .  T h e  fact that  all stocks 
and species groir- indefinitely in Adaptation Medium or in Axenic 
Mrdiuni plus autoclaved bacteria and that almost all grow in 
rlxenic l l rd iun i ,  although not indefinitely, suggest that  the auto- 
claved hactrria contribute additional necessary growth factors. 
This subjvct is being pursued further (unpublished da ta ) .  
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The development of the Adaptation Medium which provides 
all the essential elements for the growth of Paramecium under 
axenic conditions opened the way for an attempt to establish 
axenic cultures of Didinium nasutum, a predator of Paramecium. 
Didinium was washed free of bacteria using the above method 
and inoculated into axenic cultures of P.  primaurelia, stock 540, 
or P. tetraurelia, stock 29, growing with autoclaved E. aerogenes 
in Adaptation Medium. Under these conditions, the predator 
was able to consume its prey and grow. Attempts to culture 
Didinium with Paramecium growing in Axenic Medium were not 
successful indicating that this medium is unsatisfactory for the 
survival of the predator. Adaptation Medium is satisfactory. 
This means then that once Paramecium is consumed, a sterile 
culture of Didinium free of other contaminating organisms can 
be obtained for biochemical studies. 

Butzel & Horwitz (4 )  indicated that Didinium was capable 
of growth with P.  tetraurelia or P.  octaurelia in the medium de- 
scribed by Soldo & van Wagtendonk ( 7 ) ,  which is defined cx- 
cept for thc inclusion of a yeast extract preparation. Both the 
medium and 1 of the species of Paramecium were different from 
those we used in our experiments. An explanation of these con- 
flicting results is currently being sought. 

The simplicity of the cquipment used permits the simultaneous 
handling of a number of stocks of different species of Paramecium 
and potentially of other ciliate protozoa. Under optimal condi- 
tions the yield of bacteria-free cultures (69.5%) of paramecia 
which adapt to axenic growth (62.7%) is 44%. With multiple 
tubcs per stock the yield is much higher. Thus on a single at- 
tempt one can expect a t  least half of the stocks handled to pro- 
duce axenic cultures within 5 to 10 days. All the species of 
Paramecium we have tested using our mcthod can be adapted to 
axenic cultivation. This new method opens the way for various 
kinds of biochemical, genetic, evolutionary, and population studies 
which require large numbers of stocks. 

BOOK REVIEW . . . 
Bulla, Lee A., Jr. & Cheng, Thomas C., gen. eds.; Vivra, JiE & 
Sprague, Victor, contrib. eds. 1976. Comparative Pathobiology. 
Vol. 1. Biology of the Microsfiorida. Plenum Press, 227 W. 17th 
St., New York, NY 10011. xvi + 371 pp. $37.50. 

This is the definitive book on the Microsporida. In  1899 LabbC 
reviewed the literature on the group, and listed 33 named species. 
In 1924 Kudo did the same, and rccognized about 170 species. 
At the time this book was written there were about 525. The 
electron microscope, tissue culture technics, cytochemistry and 
immunology have added a great deal of information on the group, 
and the possibility of using them for biological control of disease 
vectors has increased their popularity manyfold. The contributing 
editors think that the Microsporida are the largest group of 
parasitic animals, even though a t  present there are about half as 
many named species in the whole (sub)phylum as in the single 
roccidian genus Eimeria. 

The book includes chapters by Vivra on Structure of the 
Microsporidia and on Development of the Microsporidia; by 
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Earl Weidner on Some  Aspects of Microsporidian Ph~lsiology; by 
John Paul Kramer on T h e  Extra-Corporeal Ecology of Micro- 
sporidia; by Elizabeth U. Canning on Microsporidia in Verte- 
brates: Host-Parasite Relations at the  Organismal Level; by 
Jaroslav Weiser on Microsporidia in InvertebrateJ: Host-Parasite 
Relations at the Organismal Level;  by Richard Weissenberg on 
Microsporidian Interactions with Host Cells; by Michael Petri 
on Microsporidia and Mammal ian  Tumors;  by Y. Tanada on 
Epizootiology and Microbial Control; by VBvra & J. V. Maddox 
on Methods  in Microsporidiology; by Burdette W. Erickson, Jr. 
on T h e  International Protozoan T y p e  Slide Collection: I t s  Origin 
and Goals; and a glossary by VBvra & Sprague. 

Volume 2 will deal with systematics of the Microsporida. With 
such an all-star cast, these 2 books are indispensable for anyone 
who wishes to work on the Microsporida. Further, they make it 
relatively easy for someone who want3 to do research on this 
challenging group to get started.-NORMAN D. LEVINE, Col- 
lege of Veterinary Medicine, Univ .  of Illinois, Urbana, I L  61801, 
USA. 


