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STUDIES ON LABYRINTHULA

I, INTRODUCTION
Lobyrinthulg s a little studied and poorly understood

aquatie microorganism with dietinctive morphological characteristics.
The major distinguishing featwres of lLapyrinthula, as reported in
the literaturo, are its psculiar typs of motility, its vegstative
not-plasmodial® stage, and ito sommmal phase of frustification.

The original description of Labyrinthuls was made by
Cienkowski in 1863, Other publications om Labyrinthuls prior to
1935 wore fow in numbsr and dealt primarily with the organiem
iteelf. Ko widospread interesct was shown in this organism until
Remnn im 1935 reported labyrinthuls as the stiological agent of
wasting discase in Zosterm marina (ecl-graes). Ae Ronn has pointed
outs "The plant is a prominent member of ths shallow water com-
munity, sheltering a variety of larval and small sea animala,
serving substantially as food for migratory game birds, and sheock-
ing erosion of the bottom, and beocause the leaves are used fow
packing, upholstering, insulating, and other commsreial purposes
for which they are often peculiarly desirable, the disappecarance
of eol-grase becoms & problem of practical comcern.” Hence study
of Labyriptbula seamsd warranted from an econcmic standpoint as well
ap from a ocientifio interest in the blology of the organism,

A1)l previous investigations of this organiem were
carricd out using grosely contaminasted enrichment cultures of this
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microorganism, JIn no case vere reprcducible laboratory culdures
obtained. The prinitive cultural techniques used by the earlier
investigators contributed to the conflicting and fragmentery nature
of the reports on tho morphology of Labyrinthula and served to
oconfugse the reader. It was thought that the confusion concerning
this m:loroorganism could be eliminmated by a oritical review of
the liverature and by edditional obsorvations on _I_.@_b@igﬁ_h&,
growing in pure culture. |
This paper is a report of the lsolation of Labyrinthuls
in pure culture and an investigation of the organism with special
omphasis on the morphology, life cysiec and nuteritionsl roquire-

reNts .,

X1, QULTIVATION AND YSOLATION

Previous lnvastigatiors succesded in obtaining natural
enrichrent cultures of Lgbyriathule, primarily for observational
purposos, from a variely of aquatis plants but failed tc obtain
reprodusible laboeratory oultures,

In this laboratory the original sultures of Labyrinthnla
wereo obtaired from phyioplanktorn and zooplankton towa. Ths cultural
technique e¢mployed by ¢this laboratory for the original cultures of
Labyrinthula was as follows: a drop of the plankion tow was spread
with a sterile bent glass rod upon a s0lid agar medium composed of
0.9 per cent agar and agod sea water without any added nutrients.

2.,



S

bt

h 3

o

C

The potri plates conteining the cultures were then sealed with rubber
tape and stored at 18° C for e period of two weeks. Upon examination,
Labyrinthule was fourd growing in assoclation with various species
of bacteria. Lebyrinthuls grew within and around the psriphery of
the bacterial colonles, but. migration from the edge of the bacterisl
colonise did not excesd 2 mn.

Suteultures of Lsbyxinthuls were made by transferrﬁng
a plecs of agsr 1 %o 2 om square containing a growing culture of
this mieroorganiem onto a fresh non-nutrient sea water é@r plato.
Growth continusd but alwaye in association with bacteria (Fig. 1).
Subculitures were ucually made at two-wask interwals, but im e fow
insﬁaneea gubcultures were made from some of the original plates
aftor a period of six months' incubation.

Many attempis were made to isolate Labyrimthula ia
pure culiure. Nutrisnts wers added to the nom-nutrient ses water
medium, but addition of nutrients merely inereased the bacterial
pepulation to such an extent that lLebyrinthula was crowded out or
overrun., It was not until a modium containing 5 per cent humen
blocd, 0.9 psr cent ager, and eged soa water was made that a
successful cultural medium ®as found for Labyrinthula. Isbyrinthula

ocropt away £rom the bmcteria when placed on this medium. Additional
subsulturee were made every 24 hours from areas that appeared to be
free of baoteria. After a seories of euch guboultures,
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it was believed that & pure culbure® of Labyrimthula had bosn
obtained, In order to insure having a pure culture, subcultures
were nede on a series of sea water bleod agar plates with the
addition of 200 upitz of penicillin and 100 units of strsptomycin
per cc. Bacteria were nﬁer observed on repeated direct examin-
ations or when the cultures were streaked on various nutrient egara.
| It wae thus concluded that & pure cultuwre’ of Labyrinthula had
been obteined.
| | There appeared to be no ingestion of the blood cells on
, @ bleod agsr medium, but there was def{inite beta homolyeis of the
? red blood ecella, It wee likewise shounr that good growth of this
- microorganism could be obtalned on & wodium which conteimed non-
nutrient sea water eager snd 10 per cenb ox serum. On this medium
Labyrinthulg has been grown by pericdic subsulturing for a psriod
- of 15 months.

I11, HORPHOLOGICAL STUDIES

txrod $
The orgenisms placed in the gonus Labyrintbula are easily
distinguished from all other desoribed microorganisms by their

# Fhen a pure culture of Lsbyrinthuls 1s spoken of in this paper,
i% refers to a oulture free of all other mlercorgenisms. A
gingle cell isclation of this organism bas not bsen accomplishedj
therefore, 2 pure culture in the senases of a genatically homo-
gsnous gtock cannot be claimed.

Ao
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obaracteristie morphologicsl features. The vegotative cells are
fusiform-ghaped wlth & flexible cell membrane and exhibit a gliding

- type of motility, the mechanism of which is unknown. The motility

may be either an individual or group affairp howover, the cells

- usually appsar to be dependent in scme mesmner uponR a tubs or track-
' like structure which thoy secrete prior to thelr migration. Colls

of Lebyrintbula very in sise. The intermal strueture of ths c¢ell

. consiste of a veslcular nucleus, many sm:ll granules and vacuoles.

The mogt siriking morphological features are the filaments and path-

veys secreted by the eells, The filamenis anastomose with filamente
from adjacent éolla or with adjoining cells ¢o form & lacy network.
Ap the cells migrate along the filaments, they constantly modify the
shape and sise of the filaments until bread riverlile channele are
formed along which numerous individual organisms flow abreast.

H o) H .

The cell shaps of Labyrinthula is variable. In young

cultures the predominant form is fuaiform»whaped (Fig. 2), though

~colls are commonly found which differ from this form. Many times

1

cells acquire a spherical sheps with the snds of the cells curling

. toward each other. This is not a permansnt form; the cells Rgy ud-

curl and agsume their normal fusiform shape. Cells also assume &

| sphorical shaps by lateral expansion in senescent cultures or in

cultures exposed to unfavorable envirommental conditions.
Young (1937) described the round bedies as cysts formed

"’5“



%

(=

i

@)

I

!

!

‘Eby the ourling process just described. Other investigators {Cienkowski,
%1867; Zopf, 1892; Damgeard, 1910, 1932) msntioned the presence of
grotmd bodies but failed to indicate how they wers formed. I% is the
;authorﬂs opinion that the round bodies obssrved by these workers were
formed by lateral expameion of the esll described sbove, Al though
earlier workers described these round bedise to be cysts, they were
nevar abls to observe the germinution of these go-called Feyste®.
Repoated examinetion ef these spherical shaped cella in this labora-
tory did not reveal any type of an external membrene nor was germima-
tion of the round bodiss ever obeerved., The author fesls therefore
that the interpretation that these forms are cysts ie a very debatabls
;qu@ation. A

Another moé:lf:&cmtion in shaps of Labyrinthuls ccours

;iwhen a cell passes a mechanical barriler or conforme to the contouwr

of the track upon which it glidea. This change in shape is best
illustratod when one cell passes another cell along a marrow track
(Fig, 3) or when a cell passes through any type of orifice wh.‘;.ch baa
a smallei* dismetoer than that of the cell, What oceu'rs is qui%e eimi-
lar to pushing en inflatsd balloon through an orifice smaller than

the balloon, Aa the call approachss the place of consiriciion, it
seemg to stretich out and consirict laterally until it is small snough
to paas through the oponing. Ae each portion of the cell passes the
place of comastricticm, it resumes its normal shaps or becomea glightly
inflated a8 & balloon would under the same circumstances. Whem Lfimslly

56“2
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the whole cell pasmes the point of eonstrict.ﬁom, the normal fusiform
shape 18 again resumsd. I‘f appears thet the changing shape of the
¢sll, rather than being caused by some functicn of the esll, is com-
trollsd by some exitsrnal factor.

Additional observations also showed the ability' of this
organism to change ite shaps. Cells migrating on the tracks con-
formsd to both the phape and direction of the tracks. Often cells
temporarily distorted their bodies %o conform to & bend in the track
as shown in Fig. 4.

It le apparent from the forsgoing description that the
{cella do not possess a rigid cell wall, and all previous workers
!have come to this pame comclusion. It was impossible im the present
investigetion to demonstrate ény type of siructural mombrane with
staining, phase mieroscopy, or elsetron miéreacopyo It is rocognized
@homvor that, although the 69ll cammot possess a rigid cell wall,
Jaome type of siructural nembrane must be present.

Cells of Labyrinthuia vary considerably in sime. FPrevious

i:uxvarasi'.ﬂ_.gevm:ea (Cionkowski, 1867; Renn, 1935-1936; Young, 19433 Valkenov,
1929) reported the length to be from 8 mu to 30 mu. ZThe fusiform-chaped
*W cells observed in this investigation measured 10 o 20 mu

in longth and 3 to 5 mu in width. The spharical cells meagured 7 %0 9

imn in dlamotar, |

| The internal otzucture of cells of Lebyrimthnla ccoms relatively

"
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gimple, ¥ith pressni-day optical aids, it wam possible ito demomsitrate
only a vesicular nucleus, granules, and vscuolss in theass cells,

The meny grenules (Fig. 2) are the most conspicucus feature
of the cell. The aumber and sise of these gramiles vary. Cells were
rarely found vold of the gramules; usually between 60 to 100 gramules
were present. 7The gise of the granulasa renged from 0.5 mu %o 1.5 mu.
However when the cells died the granules ofton fused to form ome or
lmore solid massos which then £illed the cell completaly.

i There are conflicting reports in the literature oa the
;nnture of these granuwles. Joppe (1930) etated that she found the
granules to be of a lipold coupesition while Young (1937) wae wable
to obtain a positive teogt for fat., In the present investigatiom
granules gave a poaiﬁlve teet for the pregencs of faits when stained
with sudan black, In addition, a positive test for polysaccharides
was cbtailned by this iavestigetor using Pennington's (1949) pulysse-
charide stain. The functlon of these particles camnot be explained
gat this time.

' A singie vesicular-types nucleus with a central nucleolus
(Pig. 2) is sl 3y~ present. The nucleus may be ssea clearly with
the aid of a phase contrast aicroscope as shown im Fig. 2, Although
ithe nucleus is usually loceted near the center of the cell, it may
1oécaaionalxy be at aither end of the cell, and it was shown in thigp
‘inveatigation with ths aid of a phase contrast microscope that the

nucleus did not ocoupy & statiorary poeition in the cell, Cften
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ihe movemsnt of the cell caused the nuolous to chengs position in
tho cell., Although it was imposgible to demongtrste the mechanism
cl»f nuclsar divﬂ.@idn,, it was poselble to demomstrate that karyokesnesgis
precodos cytokenssis, sinee two or more nuclel were often pregent in

a cell prior to cellular divisior.

All previouvs investigators have raeported the presence of
Yactoles in the cells of Lebyeinthwla. Only Young (1937) however

hae attempted to explain the function of these vacucles. He errived
4% the conslusicm thet they were sontractile voouoles and served

gome type of an ererotory function.

Tn ths ps'@t;enﬁ investigation, vacucles were noi generally
reesent in young healthy cultures, bubt were found when cells were
senegesat or were subjected to unfavorabls environmentel conditiong
cucsh as ohanges in cemotis pregsure, heat, and desiecation. In one
inghance, however, vacuoles were observed in sn apperently healtlhy
sulsure of Lobyrinthuls (Fig. 5). It bes not beem possible to demon=
strate in this investigation the charaeterisiic diaax{;olie and gystolie
movomensa which oo charscterdstic of eontructile vacucles in othep

microorganiens, and thersfore 1t does not seom logleal to conclude

that ﬁh.eae vacucles are contractile in matuwre. Rather it is the

author?s belief that the vacucles present in lsbyrinthule

vmpbons of e degemerative process. The cems phemomenen of vacuolaiion
Ain degemewating cslle 1p common im other microorgepiems (Csterud 31950).

o
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A morphologieal featurs which has perplexed and fascinated
i avestlgators since the discovery of this orgenism is the network which
connects the cells and appears to control the motility of these micro-
orgeniems, FPrevious investigations on Labyrinthuls have dealt prim-

41y with this interesting structure, for it is this net-plasmodium
nd ite relation to motility that mekes this crganism so strikingly
different frcm @ll other microorganisms.
I The net-plasmodivm ia formed when the cells in some way

oarete & macold substance whioch forms the characteristic fiiements,

which in turp evastomose with adjacsnt filaments and cells to fm

ho initial net-plesmodium, The filamente sre modified with the migra-
E:loa of the eells wntil they are broad track-like* structures (Fig. 6).
The forsetion end physical and chewleal mature of these filements and
tracks 9ill now be exemimed for a cleaver urderstanding of the nature
¢ $his pet-plaencditm,

Previocus investigators believed the filaments were a direct
socretdon of ths <olle., In contrast, the author belisves that the

filaments ere not dirsct secrstions of the cella but are formed from

+ The pathwmays on which the cells migrate will for comnveniencs usually
be referred to as tracks. The writer does not wish to preclude the
poppibility that on soms occasions these pathways may be of a different
nature. This problem will be discussed in dotall later in this paper,
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cin the colls at the periviery of the colouy wersa
(2} alihough mazny colle Ltvaversed the losus of soorsw

the Pilenont fcx‘mé‘izieag filzzents were acnstently belng
orisd fron the edmet of the sethwaye moidng it ixposeible to bolisve

wh any ons cell wno respcasible for tbs ssavelisn of SIY OLe Litament.

43) pleremsaiurlsdion cuudies showmed that Donsath the surface of She

- \m

el wea 8 mueold gacot ané thst the Filameats wore moxwly prolosga-
Woon of the lamelle. [4) TFilaments were chacrved wo form frem

wacils whleld amztendod boyond the suvrface of vthe celi, .

Mha filerents, vhon they {lrast Lowrm, are very fine colericsc

nonogeneores stzende. Theas filnments grow iz lengih, eliforeats, and

oy

wiobomone vAth oslls snd adjccont filaments uwntll a highly reiicu-

Intod nevsovik iz Tormed {Fig. 7). Once thin nstwork is formed, the

gellis elong 16, it the migration sinng the filsments, {hese
v obveods vidos il they sre broad chanicls aloung which BUEETOUS

#low abrenst  (Fize 6), Tasso chennels rangs i glzs from &
Lo a3 wids ar 1 am,
Posvious investigators (Cionkowski, 1867; Zopf, 1892

T, 1610, 19375 Younz, 1957) stated that these strustures were
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give a track-like appsarance. Although tracks wers mever obssrved
forming in this mammer, there are certain indleztlons that tracks way

1ikewise be formed in this fashion (Wateon, 1951).

The nature of the pathways has perplexed all workers sinee
the discovery of labyrinthuls by Cienkowski (1863}, Prior to Young
(1937) workers were unceriain as to whether the pathways represented
communicsting tubes in which the orgenism flowed or tracka om which tho
organism moved. Young (1937) comcluded from his investigation that the
celle moved on the outside of a solid track., This question was further
4nvestigated by the rresent author.

Evidence .obtained by the uss of carmine particles indieates
that the cells migrate on an cpen track rather than within a tubs.

In this experiment carmine partiecles wers blown vpom actively migrating
cultures of labyrinthula growing on a serum ses water agar medium. The
;carmine rartisles often fell om the aurfgtea of pathways along which they
mero moved by the mlgrating cells along the pathways. This movement of
the carmins particles would not be possible if the eslls wers moving
within a tubelike siructure, A

The above evidence aeexﬁs to indiqezte that the pathwaye were
track-1ike rather *'bhan tube~-like in nature. Other observetions however
indicate that the filam&nta and pathweys might also be tubs-like struc-
tures. For instance, the cells as they migrate on the fine filements
appear to move within a mucold tubs. Tho filamsnts expand just anterior
to the cells and contract partially just posterior to the cells. This
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phencmenon appears anslogous to pushing a ball through a pliable tube
of a smaller diameter,

| The obsorvations discussed thus far have bsen concerned with
the organiocms growing on the surface of esgar plates. The cells of
‘Labyrinthula bave the ability to grow and to migrate beneath es woll

!'aa upon the surfacs of the agar. In this case the organisms muat

certainly form escme type of “gubuay® or tumnel-1iks structure in

which to migrate. In gome instances organisme were observed mhich
migrated in the normal manner along pathwaye on the surfacs of the

agar but which disappearcd into holes in the agar in a fashion analo-

} gous to gophers disappeering into their holes. Upon further examination
w it was found that the pathuays on which thepe organisme migrated ex-
tendod into the agar, often at an anglo of 90°, The shape of the
organismg migrating beneath the surface of the egar appearsd to be

quite different from the shape of the cells obmerved on the surface of

| the agar., The tubs-like stﬁmeturee appeared to bo smeller in diamoter

- than the cells themselves, causing'the celle to elongate and comatriet
laterally to conform to the diameter of the "subway" in which they

| migrated,

| The ebove observations indicate that the cells of Lsbyrinthuls
‘ migrate through a tubs-like structure whon growth occurs beneath the

| surface of the agar. It is not nscoeserily itrue, however, that the

E pathways bensath the swrface of the agar are fdrmed from the ecto=~

| plasmie socretion of the cells, though it is undoubtodly trus that at
1

) -
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~ least pome portions of these "subwaya® are lined with this mucold
ectoplasmic sooretion. Poselbly this question ocould be settled by
making cross-sgections of an agar block with Labyrinthula growing

. benoath the gurface of the égara

| The formation of filamentsz and tracks with the eventusl

formation of a highly reticulated network is acoomplished very rapidly.

It was ohoun (Watson, 1951) tbat the metwork and tracke re-formed

within 30 to 60 minutes after being completely destroyed, given the

| proper conditions,

Little is lkmown about the chemical mature of the filewsnts

’ and pathways. PFPrevious invegtigators were unsuccesaful im their
attompte to stain these structures., In this laboratory it was possible
only to stain with ome spocific steim Fermington's (1949) poly-
saccharide stain, thus indicating that these siructures contained e

’ rolysaccharide complex.

411 previous investigators excopt Cienkowski (1867) eonsid-

' ered the filamonts to be psoudopods. It was on this basis that
Lebyrinthule was claseiried among the Sarcoding. The validity of

i the theories regarding psewdopodial nature of these Lilaments wae

% doubted early in thie investigation. I% was noted that whem eslls

L’ of Labyrinthula died, the filaments were not retracted. It is éell
known that organisms possesoing pscudopeds nsarly alwayso retract their-

ipseudopode prior to the death of the organiem {Osterud, 1950), Such a

(retraotion of the filaments of Labyrinthulg wae reported by Zopf (1892),

Ky
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Dangeard (1910, 1932), and Young (1937). Obvicusly this conflict

in £indingo must be explaimed. Onme possibility 4s that tho earlier
‘mqtigat‘ora obsorved the disappearance of ths filsments and acsumod
ii:ha‘t they were rotracted by tho cells. This may b3 cbserved in a
cultwre undergoing dehydration, with the accempanying disintegration
iof the filsments and subcoquent transformation of the muooid materisl
to fine balls, Gradually even these mucoid balls gesm to dissolve

‘in the medium,

Addi%ional obmervations show that the shape and sise of
{ﬁhmnﬁs eay ohange. Thie doos not memn, howover, that the filamenta
are being retracted by the eollo. BRather, it appsars that tho muecold
material which comstitutes the filamcnts is being redistributed in

‘the f4lamsnts or in the lamella, For examplo, vardous £ilaments ware
lobamd %o abort to form lamellae (Fig. 8), vheroupon these lamellao
would frequently disappoar. There wao no evidenmoo that the mm:l

:in these mucoid sheots was being rotracted by the cells, Rather, it

‘ceomed that the mmeodd materdal in the lamellae was boing redistri-
buted to form nev filaments and o enlarge old filaments.

1 Single oslls isolated Zrom other cello were watohed for eny
evidence of retraotion of the filamentn. Howover, in no caso did ths
1 celle retract filamento.

‘ To pummarise, the cells of Labyrinth
material which is never retracted by the cslle, This substaneo omce

ln seerste a muscoid

aecrated may change its form by a process which is probably comtrolled

=15
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| only by physical or chemiocal factors rather than directly by the ocells,
ngcording to Eudo (1947), "a pseudopodium ie a temporary projection

:of part of the cytoplasm", Therefore if our cbscrvations and con-
‘Eolusione are correct, those filamonts camnot be coneidered to conform
to this definition, It is our bellef that these filamentz do not
?repreaent pseudopodial gtructures,

' Colondal Harrhology:

‘ When colonies of Labyrinthula are examined with the naked

ey®, 1t is noted that they are white and opaque. The organiems grow
'either within or on the surface of the agar with oceacional growth in
?both places. A

‘ Little detail of the colonial morphology may bs seen whem the
colondes of Lobyrinthuls are exanined without optical aids, However,
it 1o seen even with the naked eye that the colonies of Labyrinthula
\are quite unlike bacterial colonies in that they do not have the solid
appearance so characteristic of many bacterial coloniea (Fig. 1). In .
addition the periphery of the colonies of Labyrinthuls is more irregular
than the poriphury of most bacterisl colonies. Colonies of Labyrinthule
are, when seen grossly, more sililar to colonies of molds, though with
‘axperienee thoy are sseily differcntiated.

|
\ Many of the details of construotion of a colony of Labyrinthula

|
\

become aeprarent upon examination with a wide field binocular mieroscope.
}W:lth low magnification, the surface growth of the colony appsars as a

lacy network (Fig. 7). This reticulated strueturo, as previously ahowm,

| a <16-
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coneists of many bifurcated tracks which join one another in a
fashion analogous to tributarics joining a river. MNore details

of the surface growth may be geen with 70z megnification (Fig, 7).
With this magnification single organiems may be distinguished and
the tracks appsar to be composed of solid masses of cells. However,
ee gshown previously in this paper, the cellp are merely migrating
on the mucoid tracks. Likewise, it may bo seen that a maseing
effect, as previously discussed, ocours at the edge of a colony
(Fig. 7, 9).

Thus far the discussion of the colonisl appearance has bescn
limited to the growth of the organivm on one plane. However, the
tracks are not always limited to one plano when this organism gﬁoas
within the agar. When the growth occurs within the ager, often-
timeos the colony is bush-like in appsarance, shaped much like a
plece of coral (Fig. 1). It must be cmpbasised that this type of
grouth never extonds above the surface of the sgar and only occurs
within tho agar.

In somo respects this bush-like colony (Fig. 10) hse a
mold-1ike appaaranco. EHowevor, a mold colony appsers to be much
more regular and hep a stiff appsarance which is lacking in
oolonies of ILabyrinthula,

In gummary it may be said that growth of Labyrimthulg
occure within end upon the gurface of the agar. Although the

- =i7=
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coloniel appsarance is to some degree similar to that of other
mioroorganiems, it differs snough so that labyrinthulg is dis-
tinguishable from all other microorganisms.

Hotdlitys

The movemsnt of labyripthula is perbape the most
perplexing feature of this organiem. It has a gliding type of
motility whioch usually appears to be docpendent upon the filaments
and pathwaye secreted by the cell.

The mochsnism of motility is unlmown, I% has bsen
shovn in this investigation by means of electron microscopy and
phase microszopy that no flagells, eilia, or pseudopodial appsnd-
ages are present. Likewlse it was shown (Wateon, 1951) that the
motility ie ﬁot similar to that of the naviculoid diatoma.

In addition it was shown (Watsom, 1951) that the motility
is an active typs of motility rather then a passive typs and is mot
caused by some motion of the filaments or i:athwaye on vhich it
migrates. Thly was demonstrated by placing carming particles on
the tracke and filaments and obgerving that the carmins particles
moved only when the migrating cells dragged or pushed them along

the tracks., Never was movement of the particles observed indepsndont

of the cells, Additionsl evidence was found vhen three oolls were
obgerved to migrate in the absence of any obssrvable filaments,
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tracks, or any type of mucoid material.

Although the above observations indicats that the solls
are actually motile and are not being moved ﬁy some external foroe,
it etill appears that the cells are in soms wey aided in thoir
nigrations by tho presence of the tracks and filaments, If the
celle are not dependent in some way upon the tracks for their
poouliar typs of motility, ome would expsct motility to ocour in
the same fashlon free of the filamsnts and tracks. This is not the
case, As was proviously ctated, only three colls have been ob-
served to migrate in the absence of obsorvable tracke and filaments.
In contrast there is an abundance of evideonce to indicate that the
cells ars in some unknown way dspendcnt upon the mucold secretions,
Cells which are pusbed or for othor reasons leave the tracks do not
migrate further, Even more convincing ovidenco of the cella'
depsndency upon tho tracks and filaments is the effort which the
cells exort to @tay on the filaments. Cells often meet physical
barriers on the tracks but distort their bodies to pass amy such
barrier rather than leave the track during their migration. Like-
wise a distortion of the shape of the coll is seen when the cells
nigrate upon the narrow f£ilaments. In this cace the cell apparently
attempts to conform to the shape of the narrow filament upon thich
it migratos, In goneral it must be comeluded that the cella are
in sore way aided in their migrations by the prosence of & mucoid
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track or filament.

The tracks also exert a guiding influsnce upon the
migrating cells. One of the most strilking examples of track-
guided cells is sesn when a csll comes to the junction of two
tracks, The cell will continue to migrate on one of the two
tracks depending on the angle of approach to the junction (Pig. 11).
The guiding influence of the tracks is likewime indicated when
cells are seen t0 conform to a bend in a pathway along which the
protist migrates (Fig. 4).

Tho general direction of movement of these organisms
is always away from the point of imoculation. Howsver, the
colls often take devious pathways resembling winding rivers to
reach the gosl of their wanderings,

The maximum rate at which these orgenisms migrate has
been recorded by Young (1937) es 150 mu per minmute. The orgeniem's
maxizun rate of migration ae recorded in this laboratory was 143
mu per minute. Thies measurement was made on organisme migrating
upon agar while Young's was made on organisms mig:rating_ in a wet

mount,

It was found during the course of investigation (Watsen 1951)
that certain physical factors were important im the growth of
Labyrinthuls., These factors were as follows: (1) a high



moisture oon%n‘b; (2) en obligate surface requirement, (3) a
témpar&ure range from 18° 0 to 22° C, (4) an obligate salt re-
quirement, as growth was not obtained on substituting distilled
water or dis‘bilied' water with 3 psr cont scdium chloride added,
(5) pH range of the medium used for growth was pH 7.0 to.pH 8.9
with the maximum growth obbtained at pH 7.8, (6) an obligate
sercbic requirsmont,

morphological featwres ah:lgh wm'deaeribed oveor 60 years ago
(Cionkpwski, 1867), would have boen stedied by many warkers, but
this is not the case. Apparently ‘i'ew inveptigators, to judge
from the litsrature, have studied labvpiathulg. Ome posaible
roason for the lack of interecst im this ergenism might be the
inadequate oultural techniques used by earlier investigators,
However, snother factor may be the relative scarcity of

The following roports are to bo found in literature
¢oncerning the hosts of labyriathula. Cienkowski (1867) fomd
13 assoadated with algae ‘m..the harbor of Odempa bub

Dangeard (1910)
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deseribad _Igmm gopfl as belng assodiated with spesies
of Chlamydomonag. later Demgesrd (1932) found the orgenism he
named Lsbyrinthule chattopil to be parasitie on Cladophora
refracta. In additio.n he was able %o parasiiise two additional
apooios of Cladophora, Gladophors Jestovirens, Cladophors
flavescens, with lebyrinthuls chattonii. Jepps {1930) found
1la asaoclated with diatom cultures and indicated that

Labyrinthule was a parasite on the diatoms. Im additiom Jepps
(1930) was ebls Y0 infect Lamimaria @p, with this miercorganiem.
Sparsow (1936) found Labyrinthuls as a saprophyte in the cells

of Rhisopolenis and was likewise able to demonstrete Lebypinthula
in eesociation with Cladophors gp.. Renn (1936) was the firet

Zopters mgrina. Young (1937, 1943)confirmed Remn's findings and
in addition was able to parasitise the following plante: Clade-

furcatug, Ectocarpus conforyoidep, end Cystoclopivm mmrpupeum.
Young likewise discovered four mew matural hosts of Lgbyrinthulg,

two of which were algee and two others which wers spescisg of
Neladaceno.. The two algae, Cladophora hirta and Chagtomorrhg
linum, had previcusly been showm {0 be sugceptible to infection,
The two members of the Naiadecese were | -z-

major and Kuppia meyitims var, roatrata.




)

In this laboratory, es has béen previously stated,
the original cultu;-es of Labyrinthyla were obtaiﬁad from phyto-
plankton and gooplenkton tows. The predomimant organigms in the
phytoplankton tows were species of the Chastoceroa, Rhizogelenia,

Hitpchiae, and Cogsoinodigous gemera. The predominant organisms
in the sooplankton tows were various ppecies of Copepods. All

plankton towe were made in the vieinity of San Juam Island.

Other marine plants: Fucus @p.,
Zoptera maripa, Laminaria ep., and Ulya gp., were likewlse
examined for the presence of W& W could
be cultured from Ulva and Zogtera marina. The Ulya was found
attached to the docks at the Occanographie Laberatories st Friday
Harbor, Washingbon, The firet culture of Lebyrinthula from
Zoptere was obtained from flcating pisceos of Zosterg in Lront
of %the Oceanographic Laboratories at Friday Harbowr. Theae bladee

of Zostopra were darkish brown in color., It was not possidble,
however, to culture Labyrinthula from the epparently healthy

beds of Zpohers which grew in front of the Oceanographic Leboratories.

Labyrinthuln was consistently cultured from the beds of Zoatera
at Mitchell Bay, San Juan Island. Zosters in these beds were
brown and diecolored, which gave them an' unhealthy appearance.

In addition they were eovered with hydroids end naviculid-type
diatoms. The above examinations were made in the summsy of 1949.
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Cultures of labyrinthnla

were again obtained from the
Zomters beds at Mitchell Bay 4n the ounmer of 1930. In additden,
cultures of Labvrinthuls were obimined frem the Zoptera beds at
Squaw Bay, Shaw Iplamd, 1dkewise located im ¢the Sam Juan Iplando,
It meat bos concluded £rom the above reports that growth

inthals doas mot seem to be restricted Yo any ome 'gemaphic'

locality since it bas been found in various places both im Eurocps
and the United States. Likewlss, thie organiaﬁ doos not acem to
bave a fastidious host reguiremont. Howower it is not possible at
the prosent time, although the above faots are trus, to show a
great abundence of the organisk in any givem area, More work is
neoded on the ecolegy of this orgemism to determine if i¢ ie
actually a rare organiem, or if 4% 4o merely that very fev imves~
tigators bave shown interest in thia mﬂ.crmganiamo

uls in asgociation

with a variety of menrine plant forms, the question may be raised
3 is actvally the primgry pathogen for Zoatars

- papive or is meroly a scoondery imvader, Rozm (1935) was able %o

infect healthy plants of Zopters maxipe with diaaased plant tisgue
This ie not conclusive ovidence that Labyrimdhulp
o the primmry pathogen mineo othor microwganimma incloding bactsria
wers prosent im the diméased tissuss and somd of thenm Ry kava beoa
the primary pathogem, Isolation of Iabyrimthnla im pure culiure

azéa
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provides en opportunity to dotermine whother Labyrimtl
actually responsible for the wasting discase of Zoptora

¥I, LIFE CYCLE
The life cycle of Labyrinthula has bsen reported to
congist of alternate stages of fructification and vegetation. Most
of the previous investigators have reported both of these stages
in their studies of Mm Howover, their conclusions
wore based upon observations of various oultures in different

stages, since these investigations were limiteud by crude cultural

techniques,

The writer was unable to demomstrato conclugively the
existonce of & fruotification stage. In the follewing ssctiom,
his observations on the vegotative stage will be summarized and
evidence obtained in this laboratory suggestive of d frustification
etage will be presented.

The first stage is the vegotative astate or the neil-
plasmodial etats which has been discussed in the pection on meorph-
ology. In thig stage the fusiform celis of lgbyr]

‘mucoid ectoplasmic substance which forms a flut plate bensath the

cella, From this lamella filaments are formed which commect with
other coells or other filamonts to form a lacy network. Omnce thies
network is formed, the colls migrate slong the filapents away from
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the point of inoculation, Aa the colls of Lebyrinthuls migrate,
they gradually modify the filaments upon which they move until a
wlde track-like structure is formed upon which a few or many sush
cells may flow abreast, As the cells migrate the whole colony ie
constantly being changed; cslls are increasing by divigion, new
f£ilamonts are boing formed and old filements are being widened.
The celle contimue to migrate until they reach the edge of the
colony at which point a masping of cells occeurs. Each group of
colls at thip point is invariably imbedded in a granular mucoid
layer. Frequontly, £ilaments may be seen to extend from such a
lamella,

The vegetative state is the only ome which presonted
itsolf when Labyrinthnlg was grown bactsria-fres om agar plates.
Most of the previous workers, however, described a stage of fruc-
tificntion. Aocording to Cienkowski (1867), Zopf (1892), Dangecard
(1932) and Young (1937), the vegetative cells mass together to
form pori. The vegetative cells in this mass become spherical and
are held together by a mucoid material. These workers have also
roported that the oysts of the sorus divided into several perts,
each of which developed into a vegetative cell ai‘t’em; germination.

In the present investigation it was impossible to domon-
strate tho formation of sorl using pure cultures of Labyrinthuls.
However, this observation doos not preolude the formstion of a

sorus by Labyrinthula. On the contrery, it might indicato that
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certain nutritional requirements were lacking in the medium upomn
which it was grown, A similar phenomenon is commonly found among
the myxobacteria (Watsom, 1951).

Structures suggestive of a fructification tendency ware
often seon im the pure culture studics in the present investi-
gation, These strustures ere formed by a massing of cells dbut
differ from the massing of cslls in sori fermation as observed by
earlier investigators. The £irst indication of this struocture was
seen when @ fow cells massed together and revolved counter-clockwise.
These cslls continusd to rotate in this eircle while more colls
floved into the mass. This phenomonon is much 11#@ a coiling of
rops with the incoming cells fcming the periphery of sush a struc-
ture. After soveral hours tho origirally small struoture would
contain several hundred eslls. The rotatiom of the cells eventually
ooased and the ¢slls remsined in a dormant condition, However,
maturation of this struoture to form a sorus was never observed,

The above observations were made on pure culiures which
wore kept growing by aserial transfers for fifteen months., Recently
a now otrain of Labyrinthuls was obtained from Zogters maring
this strain was not isolated in pure culture. Upon the first serisl

transfor of this impure culture, a yellow structure about 0.5 mm im
diametor wae found on several agar plates. This structure was
composed mostly of apherical shaped cells (Fig. 12) 10 mu in diam-
oter plus & fow normel vegetative Labyrinthula cells, all of them ’
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yellow in coler. It was impossible to demonmatrate the germination
of the individusl epherical cclls. However after ten hours of
incubation on a fresh plate, the characteristic net-plasmedivm was
found around the pariphery of the atructure vwith vegetative eslls
migrating out of the yellow mass of cells, In additdon there
wore many amosboid cells around the periphery of the structure,
I is too early to draw & dofimito conclusion concerning these
amosboid cells but it would be interesting if they were shown to
be a part of the life cyecle of Lebyripthula. This work is in
progress at the present time,

In conclupion, it ie poseibls to say only that Lgbyrinthula
did not form fruiting bodies when grown im pure culture, although
there is occertain ovidence to indicate that Lsbyrinthulg is capable
of forming such & structurs when environmental conditions are

favorable.
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SDMARY

1. A species of Labyrinthulg was obtained firee of coatam-
inating organisms other than bactoria on a ssa water agar medium
without added nutrients, and was isolated in pure culture using a
sea water agar medivm ocontaining blocd.
2 The morphology of tho individual celiles of labyrinthula
was investigated., Following is a summary of the pertinent features.
Although usually fusiferm, the cells may modify their shape when
racsing a mevhanical barrder or when conforming to the contour of
a filament or pathway on which they are migratiing. In additiom
gphorical celly are ococasionslly found which are formed by the ends
of the cells folding over or by lateral expansion of the cells. Ths
latter type of spherical body is found when the organiems are sub-
jected to unfavorable snvircnmental conditions. No demonstrable
coll wall ig prosent but from necoseity some type of a flexible
csll membrano must be present, |

~ The interral structure of the coll wae found to bo
relatively simplo. A vesicular nucleus and numerous uniform granules
wore characteristically present. It was shown that karyokinesis
characteristically rreceded oytokinesls. It was not possibls,
howaver, to reconstruct the deteils of nuclear division from stained
gpecimens. The function of the uniform granules charecteristically
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present in the esll 42 unknown, though it was possible to demon-
strate that these granules contain polysamocharide and lipoid,
Vaouoles are rarely present im healthy cultures of labyrinthnla
although they ocour froquently in senescent cultures. No ovidence
wap obtaired whioh might indicate that theze vacuoles are contrac-
tile in asture.

3 The cellas of Labyrinthula exhibit a high degree of
motility, the mochanism of which is unknown. Ko flagella or oilia
are rresent. The motility appears dependent upon the filaments end
pathways producad by the cells though the motility is of an active
rathor than a passive typs.

b The formation and morphology of the filaments and path-
ways wore investigated. It was definitely showm that the filaments
are not pseudopods, a finding which contradicts reporte in the
literaturo., The filaments are not direst secretions of the cell
but are formed from £lat mucoid lamellae secreted by the cella, The
pathways over which the colls travel are formed by expansion of the
filamenta, Polycaocharide was found rresent in the mucoid material
of the lamellae, the filamento and the pathwaya. Evidence waa ob-=
tained indieating that in many inetences the pathways are open tracks
over which the organisms migrate., Further ovidence however, indicated
that in other instances pathways are tubelike atruotu:;-@.
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50 The colonies of Labyrinthnla on ager are emsily distin-
guishablo from colonies of other microorganiems. Labyrinthula
grev upod, in but never above the surface of the agar. On the
surface of the agar the growth is fan-like in eppearance, while
in the agar tho growth is bugh-like. This is undoubtedly due to
the highly reticulated network on which or in which the organicms

migrate.
6. A variety of environmental factors affected the growth

of Iabyrintbula in pure culture, Growth ocourred on agar im

concentrationp of 1 per cent or less, Crowth wae never obtained in
conventional liquid media; probably because the organism has an“
obligate surface requirement. Synthetic sea water proved to be am
accoptable substitute for natural sea watér, but growth was not
obtained on media containing either 3 per cent sodivm chloride or
frosh water as a base. The pH optimum for growth on sea water
media containing serum wes pH 7.8. On this medium, the growth
range was pH 7.0 to pH 8.9, The optimum temperature proved to bo
in the range of 18°C. to =23°C. The maximum temperature of growth
wa.e 30°C. The minimum temperature was not specifically determined
but growth oscurred at icebox temperaturos.

7. Although alternate stages of vegetation and fructification
have boen reported to ocour in Igbyrinthnla, it was not pomsible to
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domonstrate without qualification a stage of fructifieation in
pare cultures, Survival of labyrinthulg in impure cultures was
suggestive of the cxistonce of a resintant stage, but no pupperting
cytological evidence was obtained.
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Fig.

Fig.

Fig.

Fig.

1

2

A photomicrograph showing a culture of Labyrinthula extending beyond the

periphery of a bacterial colony. 10X.

A phase of photomicrograph showing the shape and internal structure of a Laby-
rinthula cell. 1150X.

A drawing illustrating a cell “squeezing” past other cells which are not moving.
600X.

A drawing illustrating a cell conforming to a bend in the pathway. 2300X.
Page 33
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Fig. 5
° Fig. 6
= Fig.
»
Fig. 8

A phase photomicrogranh showing vacuolated cells of an apparently healthy cul-
ture of Labyrinthula. 650X.

A phase photomicrograph showing medium-size pathways of Labyrinthula. 650X.

A phase photomicrograph showing the lacy network structure of s colony and the
massing effect at the periphery of the colony. 70X.

A drawing illustrating a broad lamella which is occasionally formed from a fila-
ment. 1350X. -
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A phase photomicrograph showing the massing of cells at the periphery of a
colony. 450X.

A photomicrograph showing the “bushlike” appearance of colonial growth which
occurs in the agar. 15X.

A drawing illustrating the angle at which a cell approaches a Y determines the
branch of the Y on which it will continue to migrate. 1000X.

A photomicrograph showing the spherical shaped cells found in a crushed “sorus.”
500X.
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