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Studies in  Marine Biology. 11. In vitro Cul ture  of Zooxanthellae.* (23139) 

JOHN J. A. hfCLAUGHLIN AND PAUL A. ZAHL 
Haskins Laboratories, N .  Y .  City ,  and St. Francis College, Brooklyn, N .  1'. 

In November, 1956, the authors examined 
a wide variety of marine invertebrates from 
the waters around Bimini, B.W.I. We were 
interested in the algal cells-the so-called 
symbiotic zooxanthellae-which live within 
the tissues of many radiolarians, coelenter- 
ates, molluscs, bryozoa, worms, ascidians, etc. 
(1,2). With a few exceptions, firm taxonomic 
placement of zooxanthellae has been difficult 
because of their somewhat generalized mor- 
phology and because of absence or elusive 
nature of a motile phase(3,4) ; only Kawa- 
guti ( 5 )  has reported seeing motile forms. 
Furthermore, whether zooxanthellae of vari- 
ous host animals fall into one or into multiple 
taxonomic groups has not been established. 
-4s to their role as symbionts, one schoo1(6,7) 
holds that the zooxanthellae do not appre- 
ciably contribute to nutrition of the host; 
another, based largely on recent work of Sar- 
gent and Austin(8) and of Odum and Odum 
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thanks go to Andrew N. Nowak for valued technical 
assistance. The second-named author wishes to  ex- 
press deep gratitude to the National Geographic 
Society of Washington, D.C. for aid in field work 
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(9) ,  suggests that the abundant presence in 
coral reef communities of photosynthetic al- 
gae (including both interstitial zooxanthellae 
and intraskeletal filamentous algae) may well 
be crucial to growth and maintenance of the 
entire reef biotope. 

If, following on the work of Kawaguti, zoo- 
xanthellae could be isolated from the host 
animal, grown serially in bacteria-free culture, 
and their nutritive and reproductive charac- 
teristics studied, not only should their iden- 
tity in each case be ascertainable, but also 
possibly clues as to their trophic relationship 
with the host animal. The aim of the present 
study was to isolate certain coelenterate zoo- 
xanthellae and to culture them in vitro. 

A large zooxan- 
thellae-containing Scyphozoan ( Cassiopeia 
sp. ) and a large zooxanthellae-containing ane- 
mone (Condylactis sp.) were selected. Cas- 
siopeia abounded in waters around S. Bimini, 
B .W.I. Condylactis was similarly abundant 
a t  E. Bimini. The brown-green coloration of 
both these animals reflects the presence, 
mainly in endodermal tissues, of densely 
packed layers of zooxanthellae (Plate I, Fig. 
1 and 2 ) .  To secure zooxanthellae free from 
host tissue for in vitro culture, an entire live 
specimen of either Cassiopeia or Condylactis 
was washed successively in tapwater and 
sterile seawater, then macerated in a Waring 
blendor with approximately 100 ml of sterile 
seawater. Within a few minutes tissues were 

Materials and methods. 
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reduced to a soupy fluid. which was immedi- was discarded, and the sediment resuspendecl 
ately filtered through glass ~vool. The filtrate in sterile seawater. Centrifugation and resus- 
was centrifuged a t  moderate speed until a ])ension were repeated 6 times, with the last 
sediment? consisting of packed algal cells 3 washings made in synthetic seawater media. 
largely freed from host tissue. collected on Finally. the sediment was resuspended in 
the bottom of the tubes. media containing different concentrations of The supernatant 

Plat(. I .  

FIG. 1. Cross-section of portion of ;~ . i i em~n~  (Condylacl is)  tentacle to show endodcrmal lo- 

FIG. 2. Detail of endoderm of ariernone tentncle to show interstitial position of zooxantliel- 

FIG.  3. Living vegetative zooxniithellae cells reiiiovctl f rom anemone tissue by methods dc- 

cation of zooxanthellae cells. Rouiii’s, H & E. M i ~ g .  x 140. 

lae cells. Bouin’s, H & E. Mag. X 1000. 

scribed in tcxt. Mag. X 400. 
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Pla te  11. 
FIG.  1. Living motile cells derived in. ' ~ i t ~ o  from Cnssiopeiu zooxanthellae. Flagella not 

visible. Cell i n  lower par t  of picture had reverted from niotile to  spherical non-motile form 
only a few seconds before photograph was made. Mag. X 3750. 

FIG.  2. Enlargement of 3 living motile cells of type shown in Fig. 1 (above). Mag. X 7500. 
FIG.  3 8: 4. Living vegetative zooxanthellae (from Cus.siopein) t o  show various division 

stages. Mags. X 2100 and X 1000. 
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an antibiotic misture (1 ml of mixture con- 
tained: penicillin G, 46.000 units; dihydro- 
streptomycin, 2.000 pg : chloromycetin, 5,300 
pg; neomycin, 12,000 pg)  sterilized through a 
Seitz filter. The most suitable non-toxic con- 
centration of the antibiotic mixture in the 
wash medium was 5 ml 70. Centrifugation 
from and resuspension in such antibiotic- 
containing media was repeated 3 times: the 
cells were allowed to stand in the last wash 
1% hours. A wet-slide preparation of this 
suspension revealed algal cells in dense con- 
centration. Some showed division stages 
(Plate 11, Fig. 3 and 4 ) :  there were no mo- 
tile organisms. These vegetative cells, 7-14 
p diameter. contained chromatophores. a nu- 
cleus. and various vacuoles and droplets. A 
remarkable feature of these vegetative cells is 
the toughness of their outer membrane, as in- 
dicated by the lack of distortion following 
centrifugation. The membrane's osmotic char- 
acter is indicated by a tolerance of high anti- 
biotic and nutrient concentrations, as well as 
of washings in freshwater. Further, cells on 
dry agar for as long as 15 days were viable 
when transferred to liquid media. 

The next step was enrichment of seawater 
and synthetic media. Two different basal 
marine media. both known to support growth 
in zlitro of a number of marine microorganisms 
( 10). were selected as starting p0ints.t In  
empirical concentrations ranging from 1 to 
100 mg %, one, some, or all of the following 
supplements were added to further enrich the 
basal media: milk protein hydrolysate, serum 
extract, corpus luteum extract. yeast auto- 

+ A .  Enriched Searvater Mediuin (-4S&--III), con- 
taining: aged seawater, 100 ml; KNO,, 20 mg; 
R,,HPO,, 2 mg; Fe (as Cl), .01 mg; soil extract. 
4 ml; Mn (as Cl). .01 mg; S a - H  glutamate, 50 mg: 
plycine, 50 mg; \-it. mix S o .  8, .1 ml; liver OXOID. 
1 mg; pH 7.4-7.6. €3. -4vtificiaZ Seawater Enriched 
Xedium, containing : SaCl,  2 3% ; KCl, .06% ; 
MgSO, fH,O, 0.6%; Fe (as Cl), 0.13 mg%; Zn 
(as Cl), 15 pg%;  Mn (as Cl), 0.12 mg%; Co (as 
Cl), 0.3 pg%; Cu (as Cl), 0.12 pg%; Na,EDTA, 
3 mg%; T\'a2C03, 5 mg%; Ca (as Cl), 15 mg%; 
NTA, 10 mg%; NaS03,  1 mg%; K,HPO,, 0.1 mg 
% ; vit. mix No. 8, .05 ml% ; BIZ, .01 pg% ; thiamine 
HCl, .OS%; Tris buffer, .OS%; pH 8-8.3. For  for- 
mulation details of these basal media, see (10). 

lysate, Trypticase, brain-heart extract, des- 
iccated bone marrow, and sterile Seitz-filtered 
juice from the macerated tissues of Cassiopeia 
or Condylactis. Our selection of organic sup- 
plements and variations of inorganic concen- 
trations was based on earlier microbiological 
work a t  the Haskins Laboratories. By add- 
ing these supplements it was hoped to supply 
nutritional sources and physiological condi- 
tions necessary for proliferation of zooxan- 
thellae in vitro. Such enriched media were 
made up in liquid, solid (1.5% agar,) and 
semi-solid (0.5% agar) form. For suppres- 
sion of bacterial growth, all media received a t  
least 1 ml yo of the antibiotic mix. 

Hundreds of media permutations were 
tested. There is no need to list all, for while 
good growth was observed in a number of the 
media, the combination that seemed to encour- 
age proliferation most profusely and most 
consistently, is: Basal Medium B,f to which 
was added 1 ml % of amino acid mix,: 0.01 
mg % yeast autolysate; 1.5% agar: a t  24- 
26'C. Ten ml of agarized medium was 
slanted in screw-cap test tubes (20 X 125 
mm). and 2-4 ml of liquid medium plus anti- 
biotic were added to the slanted surface prior 
to inoculation with 1-3 drops (5-10,OOO cells) 
of zooxanthellae suspension. The physical en- 
vironment of the inoculated cells was thus 
biphasic (solid-liquid) . An additional type of 
inoculum consisted of fragments of zooxan- 
thellae-con taining tissue cut directly from the 
living Cassiopeia or Condylactis. Such frag- 
ments, before being added to the nutrient 
tubes, were washed repeatedly in sterile sea- 
water. then in sterile media-plus-antibiotics so- 
lution, as described above. The tissue frag- 
ments were allowed to stand in the last anti- 
biotic wash for 1% hours, then were washed 
repeatedly in sterile media, and transferred to 
the final culture plate or tube. The zooxan- 
thellae of such tissue fragments showed growth 
characteristics and media preferences similar 
to those of zooxanthellae introduced as sus- 
pensions. 

1 ml of amino acid mix contained: Na-H gluta- 
mate, 10 mg%; DL-alanine, 10 mg%; DL-aspartic 
acid, 10 mg%; DL-asparagine, 10 mg%; DL-methi- 
onine, 1 mg%; L-histidine HCl, 1 mg%. 
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Results. After inoculation, some tubes and 
plates were kept in the dark, some in contin- 
uous light (5-7 inches from 40-watt, cool, 
white, fluorescent source), others in alter- 
nating light and dark (8-8, 12-12, and 24-24 
hours), a t  24-32°C. In some tubes, motile 
cells began to appear within 3 days, especially 
if subjected to alternate light and dark a t  12- 
hour intervals. These motile forms (4-6 1-1 
diameter) were unequivocally identified as 
dinoflagellates, both for the Cassiopeia and the 
Condylactis zooxanthellae (Plate 11, Fig. 1 
and 2). They showed: ( a )  a transverse gir- 
dle; ( b )  2 flagella, one enclosed in the girdle 
and the other extending backwards; (c) a 
characteristic spiral motility. Identification 
of these zooxanthellae as dinoflagellates sup- 
ports earlier conclusions of Hovasse ( 3 ) and 
Pringsheim (4) for corals based tentatively on 
the morphology of resting cells, and of Kawa- 
guti(5) based on observation of motile cells. 
Whether zooxanthellae vary according to the 
host species, the season of the year, or local 
ecological conditions, is presently unknown. 

Our motile cells stayed in this condition for 
a few minutes to 6 hours. Increased light in- 
tensity regularly shortened the motility pe- 
riod. In losing motility, the cells cast off 
their flagella, became nearly spherical, and 
assumed a quiescent form resembling the 
vegetative cells (Plate IT, Fig. 1, lower speci- 
men). That these motile cells were actually 
being derived from the original vegetative 
form of the zooxanthellae of the inoculum 
type, and not from any contaminant organ- 
isms, was indicated by the nature of the re- 
version and by the observation of motile forms 
breaking out of dividing cells within the vege- 
tative population. Further, vegetative cells 
(from 15-day-old dry agar plates which in 
daily microscopic observation showed no mo- 
tile cells) when introduced to liquid medium, 
produced a profusion of flagellated cells with- 
in 1-3 days. Our original cultures of zooxan- 
thellae have now undergone eight serial pas- 
sages with no loss of integrity or virulence; 
inocula of 5-10,000 cells show an absolute in- 
crement within 15 days to about 30 million. 
Serial transfers are now routine in our labora- 
tory. Single-cell transfers have not been at- 

tempted, pending completion of further nu- 
tritional studies to determine optimal growth 
conditions. 

Proliferation of the zooxanthellae in v i t ~  
appears to be of 3 types: ( a )  vegetative cells 
giving rise to vegetative cells; ( b )  vegetative 
cells giving rise to motile cells; and (c) mo- 
tile cells reverting to the vegetative form 
(Plate 11, Fig. 1, 3, 4). The mechanics of 
such transitions awaits further study. 

Motile forms were observed only in liquid 
or semi-solid media. No motile forms were 
ever observed in the coelenterate tissue either 
before or after maceration, or in samples of 
enteric or tentacle fluid taken by hypodermic 
puncture. 

What factors control transition from the 
nonmotile to motile state of these organisms 
are not yet clear; light is certainly a factor, 
as is, of course, the inorganic and organic 
makeup of the nutrient medium. Further 
analysis of growth requirements continues. 

Summary. 1. Single-cell algae (the so- 
called symbiotic zooxanthellae) living inter- 
stitially in a marine jellyfish and a sea ane- 
mone were isolated from the host tissue and 
cultured in vitro. 2. In culture the zooxan- 
thellae gave rise to motile forms whose mor- 
phology clearly marked them as dinoflagel- 
lates. 3. Isolation procedures and some nu- 
trient requirements for the in vitro culture of 
such zooxanthellae are described, as well as 
methods used for serial passage. 
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Cultivation of Measles  V i r u s  in H u m a n  A m n i o n  Ce l l s  and in Developing 
Chick Embryo.” (23140) 

MILAN I-. >IILOVX?;OVIC,+ JOHS F. EKDEKS AND ANNA MITUS 
Rpsparch Division of Iniectioris Dispasps, C’hildwn’s i1.I edicnl Center, and Department of 

Ractpsiology atid liirtiriitiology. H(irzqard Medical School, Boston.  

Knders and Peebles( 1 ) presented evidence 
indicating that the virus of measles can be 
isolated in cultures of human and monkey 
renal epithelial cells from the blood and 
throat washings of patients in the early stage 
of the disease. Capable of continuous multi- 
plication in such cultures. the agent produces 
a characteristic cytopathogenic effect which is 
specifically prevented by sera of man or 
monkey taken during the convalescent phase 
of measles. Moreover. an antigen appears in 
the fluid of infected tissue cultures that fises 
complement specifically in the presence of 
convalescent phase measles sera ( 1.2.3). These 
findings have made it possible to investigate 
more conveniently and precisely the behavior 
of the virus in other systems. In this com- 
munication we shall describe the propagation 
of the virus and the cytopathic changes it in- 
duces in cultures of human amnion cells. In 
addition we shall record details of the pro- 
cedures by which evidence of its multiplica- 
tion in chick embryos was obtained. A sum- 
mary account of these experiments has re- 
cently been published ( 2  ) .  

Methods and materials. Viruses. The 
“Edmonston” strain ( 1 ) of measles virus was 
most extensively employed. This agent was 
isolated in February, 1954, from the blood 
of a typical case of measles on the first day 

* These investigations were conducted under spon- 
sorship oi Commission on \%a1 Diseases, Armed 
Forces Epidemiological Board, and supported by 
Office of Surgeon General, Department o i  -4rmy. 

t Fellow of World Health Organization 1955-56. 
Present address: Dept. of Virology, Inst. of Hygiene. 
P. R. Serbia, Belgrade, Yugoslavia. 

of the rash. From that time until January: 
1955, it was subjected to a total of 24 pas- 
sages in roller tube or trypsinized monolayer 
cultures of human postnatal renal cells main- 
tained in bovine amniotic fluid medium. To 
a less extent certain other strains isolated in 
this laboratory were studied in respect to their 
capacity to multiply in human amnion cells 
and in chick embryos. 

Tissue cultures. Suspensions of amnion 
cells were prepared according to the method 
of Zitcer and her coworkers (4) .  Approxi- 
mately 300.000-400,000 cells in a volume of 
1 ml of medium were allowed to settle on the 
wall of a tube 15 x 150 mm held a t  an angle 
of about 5”  from the horizontal. During the 
period of cell outgrowth the medium con- 
sisted of the following constituents: 

Soi*~ii;il liorscb serum ( inact i ra ted)  20 ’510 

l h n - i i i v  cwil)ryoiiic extract 5 %  
I3oviiic aiiiiiiotic fluid 37.570 
H:iiiks’ balanced sal t  solutioii 37.570 
Streptonipciii 100 mg/ml 
P(~liicilli1i 100 units/nil 
.\I ycost:itili 100 ” 

In the most recent experiments the following 
medium. which gives equally satisfactory re- 
sults, has been used to promote cell out- 
growth: 

5% 
Normal horse serum (inactivated) 20 
Hanks’ balanced salt solution 70  
lA-t;liit:iiiiiiie (2.9 mg/inl H,O) 10 
X I i ti I i o t i c s i 11 qua 11 t i t  i e s i 11 rl i c a t e d 

i i i  foriiiula above. 

When the monolayer was established and at 
the time the virus was introduced the medium 
used to promote cell outgrowth was replaced 


