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STUDIES ON LABYRmBULA

10 INTRODtlPAIOJI

Lmbuinthula ie a little studif»d and poorly understood

aquatio microorganism nth distinctive morphological oharQcteriat1cl1o

The major dist1nguishiDg f.turea of I§jbninthulm, as reported ill

the litorature, are ita paoullar type of motllit7, ita wptmtift

Qnet-plaamodiala stage, aDd 1ta OOJlDDUDal phase ot tz-uot1t1catione

The or1giDal description of I4bniDtSull .lilS made bl'

Cienkowski in 1863. other publicationa OD L&bnint~nJ}' prior to.
1935 wore few in number and dealt pr1marilJ' with the orpnism

i tsalt (J No vddofJpre4d 1DtereGt ViaS shoe in this organism until

Rem 111 1935 Npor't@c1 ;!4Jm:iDthp' , as the etiolOlioal agent of

wasting didJeaae :1D zostera mripl (eol-grase) G As Rorm has poi13te4

out. "!he plant 18 a prominent malAbar of the shallow water COUP

mUDiv, s~ltQriDg a variety of larval and small sea u1mals,

taerv1ng 8ubstaDt:l.8~ as tood tor migratOl7 game bird", and c1wckCD

1DI erosion ot the bottOtlg and bctcaU8 the leaves are used far

paokillg, upholcteriDI, 1nsulatiDg, aDd other commarc1s1 purpomes

tor which the)" are often "p&ou11ar17 dotairablo g the disappe~

of eel-pee !leonine m problem ot practical COI1cernc n Bence stucl:v

at LAb:yriDtbUJ,a 808med warrentecl trom aD 8CODOIl1c standpoint as w911

aa from a mcientitio interest 1D the b1010lJ of the orpdma9

All preriOWi 1nveBt1ptlollS of this organism were

carried out using gr08W~ oonwm1 nated enrlohmeDt cultures ot this
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microorganism4) In DO case nere roproduoible laboratory culturea

obtminedo The priIaitive colturml teohniques used by the earlier

I inv00tigatorm contl·1buted to the conflicting and tragmen'tu7 nature

or the reports on tho morphologr of LabYt~tbDli and oervod to

oont1.WO the reader. It _8 thought tbmt the contueion ooncerning

this m1oroorganiml4 could be Gliminated by So aritical review of

the litemturQ and by sdditional oba~lI~tions on LaTon1nthP'e

growing in pure ow.tura ~

This paper is a l·eport of the isolation of Iabyrinthull

in p'ur~ culture and en inv@atigation or the organism with special

emphasie on the morphologr9 lite oy010 4Uld nutritional requirea

Previous :tnv.a~t1g&'~org tBucc6edGd in obtaining natural

e~iohmeDt oulturetJ of kbninth$ 1 primarlly for observetional

purpo"os, .trom a v&':"i(rtl' of aquat1~ plants but failed to obtain

rePlooducibllD le:boratory oulturas 0

In this hboratory the orighlal oulturas of Lab!r1nthpla

wel~ obtained from phytoplankton and mooplankton tOWB. The cUI.tUN1

teohnique @mployed by tb18 laboratOry tor the origiDal cultures of

H\wriDthula was 8S £'01101'181 G drop of the plankton tow 98S spread

with a sterUe bent glass rod upon 8. solid apr medium composed of

! 009 per cent apr and ap4 B6Q water w1thout Qny addod nutrients 0
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The petri plates conta1n1ng the cultureo uere then sealed with rubber
, 0

tape and stored at 18 C tor a period of two ViNks. Upon examination,

,Labxrinthula was found growing 111 assoc1atioD 111th various mpeciem

of bacteria. 14blrint)ula grew within and around the periphery of

tM bacterial colonies, but, migration trom the edp ot the bacterial

colonies did not exc8Gd 2 m.

Subculturem of Lmbl;ripthula were made by transferring

a piece ot agar 1 to 2 om square conta1ning a growing culture ot
this microorpnism onto a fresh non-nutrient 80 water apr plate.

Growth oontinued but 61wm1a in 8seJociatioD with bacteria (Fig. 1).

Subcultures fire u~ually made at two-nek intervals, but in a few

in8tenooa subculturee were maeSa trom soma of the origirJal plates

after a period of six months' incubation"

Many attempts vera made ..~O iflolate LabyriDthulta in

! pure culture. Nutrients were added to the non-nutrient seQ vater

DWdium, but add1tion of Dutrients merely increased the 'bacterial

pcpulatioD to such eD extent that Lab;yriAthpla waa crowded out or

overrun. It was not until a motium conte.1n.1Dg 5 per cent humaD

blood~ 0.9 per cent 8g&r, anel aged 8C1a water was made that m

sucoessful oultural medium wae found tOIl LabFinthula. kbYrint1U!' ,

crept 8V1&7 trom the bmoteria when plaC&d on this ~d1U11l. Adci1t1oml

euboulturee were made 6w17 24 ~ours trom areas that appeared to be

tn. of baoteria Q Atter a series of suoh zuboulturtle.
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it uaa believed -that a pure culi;ure~ of LZilminthpla had been

obtained. In order to insure Mttng a pure culture s 1911beultUNG

wero made on a 8Griea of sea water blood· agar platea vith the

add!t10n of 200 un1ta of pen1.eillin and 100 unita of atreptouwein

per 00. Bacteria were never observed on repeated direct exam1n-

entiona or when the· cultureo werlSl streaked on various nutrieDt agare.

i It '6'N18 thUD ooncluded that fA p~e cultur(!rl~ of Labyrinthula had

been obtained•

Thore appeared to 'be no ingestion ot the blood celle OD

I a blood agar medium, but there ViElS detinii.e beta homolysis of the
!

. red blood 0011"61 It ~aa likeviB8 aho\1l1 that good growth ot this

: microorganism could be obtai:nsd on £ madium which oontained nOIlc:a

nutrient sea water agnr and 10 per oent C»~ SeruJl1Q On thio mec11um

Lab:vr1nthula MCJ ~en flrOill! 101 periodic sllbculturing tor a period

I at 15 months.

III. MORPHOLOGICAL STUDIES

Inri.odU9ti9P:

The orgardmme placed in the genu Labninthy are easU7

dimtlllgUished from all other deooribed mioroorganisms by their

.,. When a pure ow.ture of IebYrJ.sthuJ.m 18 spokeD ot. in this paper,
it retero to a oulture tree of all other microorganisms G A
s1Dgla cell isolation or this organism has not been accomplishedJ
therefore, 1& pure culture in the MnaG ot a geneticall1 homo­
g&noust!Jtook CQlmot be olairAod.



8

oharacteristic.morphological features. T~ vagstative cells are

tusitorm-shmped mth a tlerlbJA> cell membrane and ahibit a glicliDg

I type of motUity, the mechanism of which is Ut1kno19n. The motilitJ'

may be e1thor an individual or group affairJ hOliGver, the cells

usual17 appear to be dependQDt· in acme maimer upon a tube ar 'traok­

like structurcn which they secrete prior to their migration. Cells

of kbninthuJ.a very in ~isG. The internal strueture ot the cell

I consists of a V0s1eular nuolGlus, m&i\Y small granules and vacuolos.

Th{~ most strildng morphological features are the filaments and path­

ways secreted by" the calle" The tiJ.amentl3 amstomos8 with filaments

trom adjacent 00110 or uith adjo1n1Dg cells to :torm a 1807 network.

Ao the cellm migrate along the filaments, the7 constantly modif7 the

mMpe and size of the filaments until broad riverlike channels are

formed aloDg which numerous individuml orgaDisms flow abreast.

g!ll !ilnooo108:

The cell shape ot Labn1:gthuli is var1able. In;young

cultures the predomixumt form is fUfJitorm..supad (Fig. 2), though

c1111s mre commow.;, found which differ from th1lD f9rm. hDy times

cella acqw..re Ei. epherical smpe \With the endm of the cells ctarliDg

tOW.aN each other. This 119 not 8 permanent torm; the cells -11m­

curl and assume their normal fusiform shape. Cellm a180 assume B

gp11&rical ~baP8 by lateral G%pSDwion in senescent cultures or in

culturm8 expowed to unfavorable eDViroDmentaJ. conditiona 0

Young (1937) described the round bodiem as c7atfD formed

..,s-
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iby the ourling pl'OCSBS just desoribed" other investigatorm (Cieucws]dj)
!

11867; Zopt, 1892; DSDg&trG, 1910, 1932} mntioneCl the p-rssenca of

Iround bodiea but failed to indioate how they were tormedo It is the

:authorQs opinion that the round bod1ea abe.ned by these worker. were
I .

formed by lateral expansion ot the 0$11 described abov6 o Although

earlier workers described "bheae round bodies to be C1sts, they weI'@J

never able to observe the garmination of these lao-called rtC7Bte91 0

RG~t0d exeuninAtion of theBe mpheriet!ll u~ped cmlle in this labora­

tory, did not reveal afar typ0 of an external membrane nor was germina­

tion of the round bodiaa ever ODBGn'sd4 The author tMls therefora

0the\1; the interpretation that theseformm are cysts ie U Te'q' deba~bla

question.

Another modification in shaps of ;Lab:yrinth'PJA oeours

Iwhen a cell passel a Hnhanical barrier or conforms to the contour

of the track upon which it glid0S.. Thiechange in shape is best

1llustrated when one c011 passes another ~ll along a narrow track

(Fig3 3) or when a c011 passes through QDy type" of' orifice which has
0"

a emaller diameter than t~t r:>t the oello What oceurs is quite aimio

lar to puehiDg en inflated balloon througb an orifice 19maller than

the ballooDQ AD the cell approaches the place of eOllotriotion, it

seems to stretch out and oonetrict laterally until it 16 small enough

to pass through the openirAg. As each por'tioD of the calf passes .the

! place ot eonratriction, it rsmumea itilJ normal shape or becomes sligh~

I inflated aa fA balloon would undertha ISS_ eircumstanoeso When finally"
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the whole c011 paSfolGS the point of constriotion, the normal fwBitorm

,shape is again rGatl1A8a.. It appears that the ehangiDg ehapeot the

cell, rather tban "being caused by-some func~ion of the cell, im eoDCOI

trolled by aome ext~l·factor.

Additional observatiorw also showed the ability of this

orpDiBlm to ohange its ahape. Cells migrating on the tracks con­

'formed to both the ohaps and direction of the traokoo otten CQlle

,temporarily distorted their bod1sQ to coliform to Q bend 1n the traok
I

las shom in Fig. 4.

It is apparent from the foregoing desc:ription that the

!celle do not POSSOSS Q rigid cell wall, and all previous workers
I

have come to thirD eame eonelusion. It waD impossible 131 the preeent

1DveBtiption to d0moDliriirate allY type of wtructural membrazw with

sttAinhlg, phaS6 mierOBcoP7, or eleetron microscowo It "is X'0eopized

Ihol19V8r thmt, although the 0$11 CSllDlot possess a rigid cell vall,
I

I some 'l,7Pe. of structuru.l membraJie must be' present.

Cella of Uaminthnl, ve:q ccmsidwmb:q in als8. PNri.ous

'inVestigators (CicDko'eftJk1, 1861, Renn, 1935...1~6J 'fo1Jllg, 1943. ValkaJ1ov,

1929) reported the length to be tram 8 mu to 30 mu. fhe fu1form-mhapsd

!La1m1p,'tJm,1a cella obtB~rvecJ in this invest1Sa:t1cm measured 10 to 20 rm

in length and 3 to S mu in w1dtho The mphvio&l OQlJ.g mea8'UNC1 7 to 9
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simple. With pressnt-day optical aid@, it waa poasibl@ to d~monirtrate

only a vOfJioular nucl~tlS, gra:nules, and Vt:.c'LlOlam in thecae emIle"

Tho' many granw.Gl6 (FigG 2) are the most COJlopicueus featur~

or the cell. The Dumber and f3i£8 of theBe granulera VSi!Y. C@lls were

rarely round void of the granulc.8; usually between 60 to 100 granule"

were preli@ute The sise of ihe granulaa ranged trom 0.5 TAU to 1.; muo

;more 60lid maaees which then tilled the cell campl@telyo

There ara contlict~ roports in the litel--mture on tho

nature of theas gnXltL1.ea. Joppe: (1930) etated that eJhe fC'tmcl tho

granules to be of a llpO~ld ooape,s!tit:;n while Young (1937) was U1.lQ'ble

to obt.ain a porJ1tive tas", tor tat. In the present inveatigntioil

with sudan black.. In add~.tion, 3 pofJitive test for polyaaooharidellJ

was obtained by this inveetig-ato? using Penn1Dgton' e (1949) po:!J1eaoGJ

'charids it!lintl The i~e'Gion of these partioleta cannot be ectpl.ained
i

:at thim time.

A single ve~icular-tyPJ nuelaWi with a central nucleoluw

(Fig .. 2) is al~.·"'j~ proaent. The nucleus ma;/ be eaen clearly with

the aid of 11 phase contr~Gt miCl-olBOOpe as shoDD in F"igca 20 Although

:the nucleus is U6uaUy located near the center of the oCDll, it lJJa7
I

occasionally be at either end ot the oell, and it vas shown in this

iinvestigation with the aid of a phase contrast microsoope that the

nucleus did not ocoupy a mtat1omry' position in the call. otten
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the mov@mt&nt of th0 0$11 eausGld the nU01GUB to eh2nge poe!tioD in '
I . .
'f0 00110> A~though it WQm imposi:ible to dOlmon:atrGote the J.Uelobani.E
i .

of nuclear di'7imioDj,l it was poasible to demoDatrate tbmt keryokenasis

keCllJdeS cytukenel!lis, SinCIl two or morEl nuclei were otten preQ0nt in

Jcell prior to cellular divirsior..

All prsvious invefJt1gatorIS have tA@pcr..rt0d the presence of

"flncuolew in th~ cella of I4bY£inthw&o OAty IOmJg (1937) hewevert6 at~l!lmpted to em:plain the tunetion ot th~8e vacuoles. Ife errivod

:.;Lt the conclusion that they wsre oontraotUe ftcuoles and served
I .
I

f
'CEQ t~'1>8 of an exC1~~tO:f1 tunctioDo

:Tn the ps;·~uent investigation, vneuolslB were not gM.\8r&1l,.

Fe~$nt in young healthy cultures, but were totmd when cells wers

tlINlIllCGnt or 'Ile:t'0 lIlubjeoted to unfavorable emroDDlental conditionm
IFUM as ohangG~ in olEomotio pregs~, hastg mnd dem1eee.tion'" In ODS

6U)t~noG tJ however, vtI.euolem were observed in Sin apparentJ.:' healtlv'

~u1':;ure of Lmbyr1nth'l'l1i (F!g. 5). It hall not been poll1ll1ble to demon­

ita.ate in tbia ~erntigation the obarmeterimt3.c diaIDtolie aDd S70tolie

mQ"IOmelltm -wh:1c'h ;£~Tr) ctbEiracteristic of eontr~lctUe ftcuolEls in other
I

.
that thoaa vaouo1013 &:re contNotile in nat·ltr~" Rather it is the

l!luthorUg b@lief that the vaouoleBJ present ilJl l4tmhthgl& UQ m.ero~

L~III of 8 ~ti~ p1'OC8Illil. !be I!aIll&~ of 'fIlCUll1atioD

~ degEme:ratizlg cells is CQ1IllIIlm in other mieroorgaD1eJas (Osterud 1950) •
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~lmamodivm morphol9gya

A morphological feature 'Whioh has perplex4ld and fascinated

iJlV6lDt:1gatOl?a since the d1iiCO'Ve!7 of th18 orgardem is the network which

bonnacta the <.'ells and Ilppelllrlll to control the motlliV of thase micro-
I
I :rganiems., PNvious investigations on Labyrhthnl, have dealt prim-

~ with this inte:r0tating atruetura g torit 1m this netaoplarnnod1um

nd it@ reation to motility thai; makes thim ergaDism so mtr1ld.Dgly

a1tferent from mIl other mieroorgenimDlSo

I
'!'he net-plasmodium is torm~d when the cella in aome we'll

o:rre'ts 2l .mucoid stlbstance whioh forms the characteristio filaments It

h.i~h in turn anastomose with adjaosnt filamentm and cells to fOrm.

filet :l.Ditial net-pl6.llmoc1ium. The filaments are moc!ified nth the m1gra­

~:lon or the eollra lmtil they are broad track-l1ke* rntructurG)tiJ (Fig. 6) 9

I
Tha toZ'mlStion and phyaioal and chemical rJatl'ir8 of th000 filamente and
I "
Ii'l1oks 'WUl n(ll!l be examined for a clearer underotandiDg of the Datura

r
t this net...plaemodit:mo

Prav10UlS invostigatora be11sftd ·the filaments were a direct
I
I

liJ~uret1ort1 of tM ~'!)llRJ0 In eontraot» the auth~ believes that the
I . " .
t11aJnentw ara not dir-aet secre"tiona of the ca1lel but are formed from

. The pathmya on uhieh the oellm migrate nill tor conveDieDCfJ UiJua~

Ereferred to as tr&wc The writer doom not wimhto precludo the
. o8~ibility tbat on IDOms occadolls these pathwmya may be or a different
I t~a " This problem rill be di@cuttsed in detnl 18tar in this paper 0

!

~lO ...
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give a traek-llka appsaranco. Although traoke were never obuerved

torming in this mannar 8 there are oertain indiee.tiona that traoks may

;l1kew1eo be formod in this fSf3hion (Watrson, 1951).

The nature» of the pathwaY's hao perplexed all workers since

the d1SCOV0ry of J;fbuinthult by Cienkovski (1863) 0 Prior to IoUDg

(1937) lIorkctJrs were uncertain as to whethw the pathway, repr8oente4

communiC&ting tubes :in whioh the orpnism f'loHd or tracks on tJh1eh tho

organism movedo Y.'oung (1937) ooncluded from his investigation that the

100118 moved OD the onttdde of a solid traok" This question _&3 fUrther
I •

[investigated by the present author 0

Iv1d~noe obtained by the use of cmm1ne particles indieates

that the eells migrate OD 81\ open traok rather than within at tube.

In this experiment carmino partielem were bloVID upon actively migrating

(cultures of khvrinthy gro'idng on a serum Bea v_ter agar metium~ The

t
carmin8 plIrtialslIl otten tell on thl/lPur~ce of pathways a10Dg which thely

81'0 moved b7 the Illigre.tiDg cells along the path'l'iaylil. This movement of

the carmine particleg would not be possible if the cellti were moving

~ithin a tubelike [ftructure&1

TM above evidence ,eems to indicmte that the pathweyca were

track-like rather than tube-like in naturea other obBervatio~lA; howewr

lindioate that the filaments and pathW8YG might also be tubs-like struc­

tureel<l For instanoe, the cells as they migrate OD the fine fllamento

:appear to move within a mucoid tubso fhe filaments expand just anterior

to the cells and contract pu-t1al17 just posterior to the O611so This
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phenomenon appearo analogous to pneh1Dg 6l ball through a pliable tube
I

II of a smaller diameter 0

The obsorvations disoussed thus tar have been concerned with

the orpmmu growing OD the surface ot agar plates. The e<alllJ of

! Nima.nthpla have the ab1liV to grow and to migr&lte beneath as well

aa upon the em-face of the apro In this caSGl the orpnisma JnW1t

certaiDly torm some tJpa ot ftnwarR or turmelol.ik<a struoture 1n

uhich to migrate 0 In mome 1Det8lncos orpnimms were observed '1h1oh

m1grated 1D the normal maimer along path-Ttl on the surfaoe of the

agar but 'Which dieappearod into holes in the apr 111 8L fashion analo­

gous to sophers disappearing ato thou holes 9 tJpcm further cmam:Jneticm

it 8&1 found that the pathWGYs OD which thei8 organisms migrated .-

, tended into the agar, otten· at an anga of 90°0 The ahape of the

orpniSll1i m1grating beneath the murfac(j ot the apr appearGtI to be

quite ditterent from the shape ot the oells observed OD the surface ot

! the apr G The tuba-lib structures appeared to be smaller in d1ameter
I

, than the o@lls themselves, causiDg the clDlle to eloDgate and constrict

laterall;y to cODton to the diameter of the ftsubwa7n in which the1

I migrate4Cl

The above observatioDS 1nd1oate that the colls ot LabYr1tlth,O'

'I migrate through a tube-like atructure when growth 'occurs beneath the

murtace ot the aguo It 18 not DGCQ888l'ily true, hovever o that the
I .
I I8thW&JS beneath the .ariso. of the Apr are tormed from the ecto-

I plasmio maoretioD of the c~l1s, though it 18 undoubtoclq true that at

I

-13=
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least Dams portions or theae "aubwaJaR are lined \lith this mucoid

ectoplasmic sOOl'etiOD., . Possibly this question oould be settlad by

maldDg oros6"'Gectione of an apr block with LaJm:inthula grotdDg

ben02th the BJurtace ~t the Qpr 0

Tha formation ot tilamentw and trackm with the eventual

formation of a highly reticulated network im mcoompl1shed VG17 ra.pi~.

It ws shOtm (WateoDg 19S1) that the network and tracke re-formed

with1n 30 to 60 minutQs after beiDg completely destroyed, given the

proper eonditionmo

Little 18 knOml about the chemical mture of the filaments

and path_yso Previous investigators were lmGJucceetaful in their

attempts to stain the&8 crtruetureslJ In this laboratOl7 it was possible

o~ to stain with one sJ)Gcific ~taa, Pel'~OI1'tl1 (1949) polyco

.eaccharide stain,9 thW! indicatiJ1g that th~j£ie struotures contdmod a.

pol1smccharide complexo

All prev:LoUSJ investigators eXOGpt CieDkowski (1867) eons1d-

! eNd the f:UamontB to be pseudopods. It W8m on this basis tbat

lAbyrinthula was olaf9l~ied amoDg thG Sareodipa. The validity of

the theories regarc1!Dg' pseudopodial nature of these tilamenta .0

doubted early in this 1nveet1gatioDo It.o notad that when cells

of Labn1nthnlm d1ado the filaments tiers not retr&oted., It io well

knOD that orgrsuaiOEDfJ pommesw!JJg pseudopcds nearly alwsYlD retraot their

I, pseudopods prior to the death of the orpDiliDDl (Outerud, 1950) 0 Such a

I retraotion ot the tilsYOODte of kblrlnthYJg. was reported by Zopt (1892) I
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DaDgeard (1910, 1932) fI and YOXIDI (1937) 0 ObviOUGq this confliot

in f1nClqs must be expJa131ed. One possib1l1tT is that tJw earlier

invest1pt,orG obeerved the di8&ppealtane& ot the t1J.&melnto aDd assUIJU!)d

that they were retraeted b7 the cellso fbi. mq ba obsene4 !a a

Oultur0 UDdorgo~ cleh1dratioD, with the accompaDJ1Dg tid1lteptmtion

of the filaments and subsequent trautormaticm of the muooid _t.iml

to tine balla. Gradut!l~ tWen these mucoid balls GlG8m to ,d18aolve

in the mediumo

A4d1tioDal obmenatioDra show that the shape and else of

filaments rta7 chaDge. -:fh1a d008 DOt _mil, homever, that the ftl.slmmta

are ba1q retracted by the eel10. Bather, it appears that th0 mucoid

mter!al which constitutes the f~]8"'GJltS 11 be1Ds :redistributed 1D

the filalil&utm or in the lama1la. For 8DiU11ple, Various fi1amaJlta were

obs~d to abort to torm :l.mmellae (111. 8), YBherwpcm these lamallae

would freqwmt11' disappamr. There was 110 evidQllot that the material

1D thaN mucoid mhets ae baiDg Ntraoted b7 the aWJ.0. lailhor, It

,eoell8d that the muooid mmtwriml ill the lamellae was beq re41etri..

butec1 to torm 11ft ti]emeztt& ar&c1 to eDlarie old t1lamants g .

S1Dgle oells isolated from other cellnJ 'iK71'8 watched tor 8'l18

0V1daco ot retraotion of the f1lamentGJ. BowGJVer, in DO caSeD did the

0<1111 retraot tUamentQ.

To uummariue, the oel1s of .LiJvriD'ijm1m seerete a lIlUOoi4

material which ie Dever retracted 'b; the oella. fhis oubstsDce ODce

B8Clfeted IBa1 ohmlge its form ,bI Q pz'OC6sa whieb 18 P1'obab~ coatrolle4
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cml1' by pbJsical or chemical t~etora rather than direct17 b7 the ool1s«)

Accor41l3g to Kudo (1947), "a pseudopodium 1s a temporfA17 pro~eat1on

,ot part of the OTtoplasmrr G Therefor0 1t our obserationfJ aDd con­

clusiODS are correot, these filaments cannot be cOIlSidered to conform

to this detin1't1ono It 1& our belief that theU8 filaments do not

I reprQS0nt pseudopod:l.al structures 0

.' Colonial !far;:phglp" I

When colonies of LabninthuJ,a are examined tTJ1th the naked

8JE), 1t 1s noted that ther are "hite and opaqueca The organisms grow

81ther within at' on the surfaoe ot the apr nth 0006e10D&1 growth 1D

:both places.
I

L1ttle detaU of the co1oD1al morphology mq. be _11 when tile

l,co1oDi8S of Labxrinthu], lirG examiDed tdthout optical 81&10 B~,
I

I

',it is seen Gven with the naked 8'8 that the colODies ot kb;rr1ntbpJ,
I

lare quite unlike baot81'ul oolonies in that they 40 not have the 1IOl1d

!appoarance so aharaoterietie of DlaD7 bacterial colonies (FJao 1). In·

addition the periphe17 of the coloD1em at L81m.1Ptbn1, is more irrep1ar

than the periphCl1'7 of moat baoterial 0010111880 Colcm1es ot kibnhthpJa

are, when seeD groms~, more s:1lilar to coloD1es of molds, though with

experience they ara usn,- d1f't8r~Dt1atGdq

I JIalI;r of the dstuls of CODGtnot10D of Ii 0010117 of LliI~
I

Ibeoome apparent UpoD examiaatioD id.th Q '0148 field binooular mierosoopoo
I

,With low magnification, the surface growth ot the colcm;v appears as 6\

1&07 net\!Ork (FiBo 7) 0 This reticulated mtructure, ms proviousq aho\iJ!l»

-16....
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consists or many bifUrcated tracks which join one aDother 1D SL

fashion analogous to tributaries joiD1JJg & riv8ro 110re deta1la

ot the surtace growth mq be aeen w1th 70x D8p1ticat1on (1'180 7) j)

With this magnificatiOD 81Dgle orpD1smeD -7 be dietiDpished alld

the tracks appear to be oomposed of golid maSSGS ot callso JIowmror 9

&13 9hoVlJ1 previouslT in this IDPGJ', the oe116D are 'merel\r migratiDg

on the mucoid ~80kao Likewise p it lD81 be seen that G mamaiDg

effect, ae praviousl7 d1scumaedo ocoura at the edge at 8 colcmtr

(Figo 7, 9)~

Thus tar the disoussion of the co1cm1al appearance haa bee

l1mitad to the grOlith of the orpniam on one plane 0 IJowvmr g tbs

tracks are not always l1mitad to ODe plano when this orpDism grO'flfJ

w1thin the apr 0 When the growth oocurm ri.thin the apr, often...

times the 0010111 is busholike 111 appo&l'an08, ahaprad much l1k& Q"

piece ot ooral (llS 0 1). It must be cmphae1se4 tbat this tJpe of

growth Dever extends above the surface ot the apr and~ occurs

121th1n the agar 0

In some respeots this bUsh-111m colony (fig0 10) has 8

mold-like appaarsnooo BoWV0r, iI mold colO!JT appears to be muoh

more rqular aDd has Q stiff appearance wbieh is lackiDg 1D

ooloD1ea or Libn!DthnJ, 0

In raumm&17 it -7 be said that growth of kbnintbpJe

oeoura within and upon the surface of the elgBro Although the

-17=
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colonial 8ppasrQDC~ is to aome degree similar to that of other

mioroorganioma, it ditfers·snoUlh 80 th&t L!Wrirlthpla is dis­

tinguishable trom all other microorpn1muo

The movement of LMblrirAthn]@ is perhaps the most

perplexing feature of thi9 organism. It has a gl1dil1g tn>s of

motility whioh ueuall7 appears to be dependent upon the filtiunents

and pathwaya aecre~d b7 the cello

The mecbaDiBm ot motility ira tmlalO\l1\v It has been

shoun in this 1nv8stigat:1on by meana ot eactron microsoopy and

phase microsooPY' tbat no tlagella, cilia, or pseudopodial appsnd­

ages arG preseDto Likewise it was shOlill (iiitson, 1951) that tho

motllity is Dot similar to that of the ~v1culo1d diatoms.

In addition it vas ahovm (Watson, 1951) that the motUit7

is &11 active type of motUit7 rather than 8 passive t)'Pa aDd 18 not

caused by some motion ot the filaments or I8thwa78 OD which it

migrateoo ~hilU was demonstrated by placing oarmiDa partioles on

the tNoks and filaments and obeorving that the carm:lrls ptlrticlea

moved only when the migratiDg calls dragged or pwiJhed them alODI

the tracks Q Never was movement of the particles observed 1ndQpendent

ot the oells lJ Additional evi1cmce gas tound uhen three oolls ~ere

observed to migrato in the absenoe of &n.T observable filaments 9
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traokiJ I or 8'tf1 type of mucoid materialo

Although the above ObS81'fttioD8 1Dd1cat8 that the cells

are actually motile aDd ere Dot ba1DI moved b7 aOJl18 extGrDal toroe,

it stUl appears that the oeUs are in some ., aided 111 thdr

migrations by tho preseDCe of the tracb and f11am.DtW" If tho

oells are not depeDdmnt in eome 'fI&7 upon the tracks tor their

peaullar 't7P8 of moUl!'t7 j one would .paot BOt1lit7 to occur 111

tpe aame fashion free of the t11aaento and tracks. 'l'h1e is not the

C8UJO Q As was previO\W17 otated, cml7 three 00118 have been 0b­

served to migrate in the abseDOG of obsorvable tracks and f1l8ments 0

In con'tNet there 18 an abundaDce of ev1dGDce to indicate that the

cella are in some UDkDOViID waJ depon4cmt upon the mucoid mecretiouo

Cells uhich are pushed or tor other Nasons leaft the tmcke do Dot

migrate further. Even more ccmv1DoiDg GWideno@ of the cello'

dependency upon the tHoles and fUament8 ls the effort 9h1oh the

cella exert to .tar on the f11amentso Celli otten meet pb1a1aal

barriers on the traaka but distort their bo41es to peBS 8D7 8uoh

barrier rather than leave the track dur1Dg their marat10De L1keo

wile Q distortion of the shape ot the cell ill eeen when the cella

migrate upon the DarrOW t~]a~Dtmo In th1e came th~ cell apparGD'tq

attempta to conform to the lJupe of the J181"rOV t1laJD.&Dt upon uh1ab

it m1sratGeJ~ In general it lIlust be CODolw!0d that the cell8 are

in so_ we7 aided 1D their m1gr&UoDS by the presence ot B muco14
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traok or filament"

The trackB also exert a g1r1c1:S ng :lDf'l.usnce upon the

m1grat1Jlg calle 0 One of the most atr1k1Dg examples of track....

gu1dod cells is seen when a oell comes to the junction of two

traokso The eell will oontinua to migrate on one ot the two

tracks depand1Dg em the engle of approach to the junction (lige 11) 0

The guid1Dg influence ot the tracks is likense indicated when

cella are seeD to conform to a bend in a pathW&1 a10Dg which the

protist migratoe (Fig (> 4) 0

The seneral direction of movement ot these organisma

is al1JG78 a., from the po1Dt of inoculat10Do However, the

collo often tako devious pathwaya remembllDg w1ndi DB rivera to

reach the goal of their wandor1ngso

'rho maximum rate -at which theme organisma migrate ham

been reoordfl)(i by YO'ID2g (1937) as 150 mu per m1Buteo The orpn1aj a

ma:1Jnum rate ot migration as recorded in this laboratory tl88 143

mu per m1DuJ~e. This measurement was made on organisms migrating

upon agar 9hile Iotmgi III was _de OD organisms migratiDi in a vet

mount<)

;tIe PHYSICAL FACTORS AFFECT. THE gRpWTB OF LABYRINTHtJLA

It was found dur!q the oourse ot 1nveetigatioD (tmts011 1951)

that oertain l'b1'a1ca1 faotors were important in the grawth of

Lab;vrinthulm CJ These factors were &L8 follolJ8 & (1) a h1gh

-20-
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moisture Qontbt, (2) an obiipte S'Urfaoe requ1rement, t~) a

tampuat~e ~D8e from ~O.O to 220 0, (4)' an obll8flte salt re­

qmrCDfiGDt p 8S growth was not obta1l2s4 on aubatitutilas 4ie~4

_tel' f#' distilled vater with 3 per cent sodium obloricle ac1c!e4,

(5) pH Z'aDge of the medium used for growth vam pi 700 to. pH 8.9

with ths .1'dllum growth obtained at pH 1.8, (6) tm obl!gate

x. ~
It would~ that 14mJRthula, with -its mte~

morphological teatU1.'es which w~ deaC1'1'be4 rRer 60 ,.ars alO

(Cl,._Pit 1867), woulc1 have .e21 st-atiGd bt ID!ilD1 ~:Imlr8, but

thia is DO·t; the caSG. Appar0~t:q tew inftatigatm'61, to 3_
from the litwat\1re, have atufieci l4'tm:~. 0Ae poma~@

Nation for the lac!k of inteeat iD Woe organism might be the

1Da4equate oultuNl teclDdquee -used bJ earlier ~._tore.

Howe178r. another factor -'1. 'be the !'e3atlft ecarolv ot

kll?:niDtAPla.
~h8 tolloviJlg rlJparta are to H tOUDCI ill u.terQ~

COD~ the hosts of Lam1Dtbg. C1akaasJd. (186'1) t~

.J4bu'1!1tktQ.I aemooiated with aJcae in. the bar'bor of Odes. but

failed to meDtion tba ge.ra. Zop! (1892) demarlbed Q t.raoh at.
\ 7 r'

I ' • r

species found aSfSociatedl n~h fa'Mherip ,e!!saM§.~ (1910)
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described LabYrinthulm~ as be1Dg Bi80ahted with rapeaies

of Qhl Bmdomcmat11 0 Lt1tar Dangeard (1932) found the organism ha

named lAbyrinth,1. chattopii to be pmrasitie on CladoJ?horl

I:egraetao In add!tiOD he vas able to paraaitime two additiom\l

apeoiee of Clg.4ophortA, OlN1ophqra laeteyirp@, Cm40phqra

f'1u!Jt32W1Ji g with Iabyr1nthn1m ehQttopi~~ Jappa (1930) found

tA'b;,vrinthula asraooiatod with dhtomcultures and indicated that

1;abn'in:f$.llUl! was Ell paramite on the d1atODWo' In addition J'eppe

(1930) was able to iDtect I4m1Mria @Pa. with tUm micrOorganismo

Sparrow .(1936) found Laminthnlm aa a sapropb,yte 111 the cens

ot Rb:l.§qoo1eni& and was like'Si. able to demonstrato La1vr1nthuJ.!,

in aesociation with Cladophora ,po 0 Ree (1936) was the firelt

worker to demonstrateMl~~ to " a ~t0 .~

~@tef'3 grig 0 YO'lmg' (19371) 1943)confirmed Henn ~ s find1J2ga and

in add!tion 'Osa able to paraa:1tize the tollowiDg plantts 3 CltadQ=

Mora hirta» gg,t?DlOfPH linplI CystomqrPM lII!1JgODiUlih Fuoy

turCltus,~ ~a\iQr.arpus aopfervoicl'w, and Cy@tocloma pPrJ)'UfU!lo

Young likeVJ160 dimeovsNd four new mtural hoats of klnrrip.th1J]e,

tvo o:t Qhieh were algQ6 and two othero which were apeaislD of

Baimdacgm ~. The two algae f) Cladophora bim ud Cha,tomorpha

Unpmg had previous17 been shoe to be fJuticept1bls toiDt6lctiofto

The two .mOOrm of the lYaiadmoaaa were lrDDDiehell i.e B1ust:r1@ var ~...,
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In this laborat017, as haa bee previouaq otate4,

the origimll cultures of LaJm:1Dthplm were obtaimed from plvto­

plankton and sooplaDktoD towm. The predom1Dant organisms in the

phytoplaDkton tows W6f9 mP8.ei8s of the Cbaptocerol J Rbizogp1p3a,

lf1t@cbia, and CosoiJaod1@gus genera., The prGdom1Dant orsaniaIDs

in the moopJaDktOD ton were various species ot 09J?'p¢a. All

plankton tows were made 121 the vic1r4ty of San Juan Islanci.

Other marine plants: Fug @p., 1!enoCl,tipJ luetkeapa,

~8tem uripa, Lrim1nsria @p., and mu @p., were 1ike\"d.aG

examined tar th~ presence ot LmbninthpJe. Lp,lgrinthpla could

be cultured from m.m and ;O@. mar'p'o !he mm tiaS f'oUDd

attached to the docks at tho Oceanographic Laboratories at Pri.dq

Harbor, Washingtono The first culture of Ia'bYripthR from

zoster; was obtm1ned from tloatiDg pieoes ot Zostera 1n front

of the Oceanographic Laboratories at Frida7 HarbG!'. These bladem

of ZosterA were darkish brown in color. It was not poras1ble,

however, to oulture !@buinthpJa from the apparent17 healtb7

beds of .z.~ whioh grew in front of the Oceanographic Laboratorisuo

Laby;ripthuJA wea aons1stent~ cultured from the beds of ZO@_

at Mitchell BarJ San Juan leland. Zostem in these bd were

broe and diecolored, which gave them an' UDhealth7 appearance.

In addition the1 wre .covered with h1dro14s and mviculid-'tJp0

diatoms. The above exam1 Xlaticma "ere made 1D the GUIIliEIr of 19490
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Cultures of La.b:vr1ptJm1A\ were agdD o~tained from th<a

ZOR- beds at Utahell Bta11D the m~ ot 1950. In 8441t1=,

cultures at Lalm:iJrt1m]m were obtained from the ZMtera beds at

Sq.9 Sq, ~tf Ialamtl, :J.1ke'dme locate4 D the So. haD Islaildeo

It must b0 ccmoludeti t.rom the above reports that growth
. .

of _ doeo not Bee. to be :restricted to &X\V one 'pcsraphio

loealit, since it. hale 'be. found in ftriouo p].aC8GJ both iD Europa

ad ~a t1Dited state.. Likeus0, this organism does not seem to

ban a talDtidi0U8 host requiremento However it is not po8w1ble a1;

the prGDseDt time" although the above faote are true, to show a

~eat ab1mda!1oe of the organism in QQJ given are&. I40re VIOrk is

needed on the Gcolemr of this argen1a to determine U it. is

Go'tualq Q rare orgaDilm, or it it ieJ merel7 that Vf1I.7 fn 1n'Vea..

t1gatora have .hewn 1Dtereat 1D th18 mioroorPDismo

In view of the occurrence of Iahvriptb!.1l4 111 8sfDocdat1cm

with a variety of mmr1Be plant fonm, the question 1D&7 be rmime4

'm~ther 1Aiblrinth1JJA is actua1J3r the peimm17 psthopll for~

!J!fA£. or is mere:Q' Q 8~conda17 invadero Berm (1935) sa able to

1Dfeet hr.IaltlW' plants of zostera .rtwa with diseQsed plant tiesue

at Zptptep mmr3m. ftie is Dot crmclusive ev1ClODOG that lAbn1RWmJ&

~I the primmrJ' pathogen linea other m1erOO'l'PDiIU 1Ilclad4mg baoteria

were preset 1Jl the aimta&1le4 tissues aDd some of them 5\V have 'b0OIl

the ~1mar7 pathopDe IsolmtiOD ot l4bnilrNmJa. m pure cultm-e
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provides an opportunity to determine whether Labvripthula iil

aotuall1' re"pcmm1b1e tor the W8StbJg dimeas8 ot Zostera 'Mlipaa

VI" LIrE CYCLE

The lite cJala ot kbninthula has baen reported to

consist of alternate stagea of f!'Uot1tieatioll and vegetation. lWost

of th6' previous investigators have reported both or these stages

in their studies of kbnipthulA 0 However g their conclusions

ware basGd upon observe.tioDS ot vmrio'WJ oultares in different

stages g air.lo~ theeJe investigations tHere llmi~d by' arud* cultural

teolmiquea 0

The writer us unable to demonstrate conclusively the

existence of a truotiticatioD etageo In the followiDg S$ctloDg

him observations on the veptative stage will be summar1med aDd

evidence obtained in thiti3 laboratorr i1uggestive ot a truotificatlon

(Stage will be Jr$tBGn'ted0

The first stage im the vegetative state or the net­

phmmod1ml stats whioh baa been disoussed in the aection on morpha

olo§ 0 In this stage the tu&itOl'D oells of LibYfipthplm extrude a

.mucoid ectoplasmic substance which forms a net plate bemath the

ceUtaJo From this lamella ril.al1ents are formed whioh connect with

other cells or other filaments to form a laey Detworko Once thi.

network is formed, the 00111 JD18rste along the ~nttS away trom



•

the point of 1DoculatioDo Aa the callI of k12nintl\ph migrate,

they gradualq Dlod1t'7 the filaments upon which they move untu •

wide trackaliJm struoture 1s formed upon which a In or~ such

celli may flow abreaet o As the celli m1grate thQ whole colODl'1111

oonstant:q boiDg chemgeCiJ cells are 1noreasiDg b1 d:lv1GJlon, Dft

t11aments are btiJ21 formed and old t1~DtD 81'e beiDg Wic1GD8de

The cells continue to migrate until ther reach the edge of the

ooloDf at which po1nt a massiDg of cells occurs. Each group of

oells at thia point is invarhb17 imbedded in a granular mucoid

layer \I Frequont17g fil.smentB 1187 be seen to extend from such a

lamella 0

The vegetative state 1. the oDl.7 0118 whioh presented

itst9lt when LAQn1nt1).pla was grown baot~r1aGDtree CD agar platesQ

Most ot- the previoWi workerm D however, described a .tap of truclD

i t1ficmtiol1o Aocordi12g to CleDko1l81d. (1867), ZOpt (1892), DarJg06\rCl

(1932) and !oUDI (1937) J the vegetative oQlle meB together to

, torm sorio The vegetative cells ill this ma~e beoODl8 spherical &DC1

are held together by a mucoid mater1alo These workers have a1&o

rGported that the O7lJts of the eorus c11v1ded into several partsD

each of mnch d0V8loped 1nto a V8setative 0011 after germ1mtionQ

In the present iDvesUgation 1t was imposelb1G to delDODCll

strate the formation of sari ua1zJg pure oultureD of kJm1.nthu',.

Howawr, this observetion dC0l1J not preolude the formation of 8

eorus by kb:yrinthulao on the oontrmrrp it m1g!Z1nd1oato that
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~hioh it _1& ~OWD~ A fdl'iJar phenomenon is oommo~ tOUlld amcmg

the DO'Xobaoter1B (Watson, 1951).

Structures sugeetive of a fructification teDden07 ware

otten seeD 1D the pure culture mtudiee 111 the present iDvesti­

ptiOZlo These structures are tormed b7 a massing of cells but

differ from the m&ss!q of oe11ra in earl tOl'JJmtioD 8S obCilGl'ftd by

earlier inv8tiStigatars. The firet iDdioation of this et!'uoture wail

seen tihen a feu oelle maused together and r8VO~ved oOuDter-clookwisQo

Thcaa$ oells oontinued to rotate 1D thil circle while more cells

flowed 1nto the maSD ~ This phenomeDOI1 1; much 11ke ta coi1iJ2g of

rops with the incomiDg O811sf~ the pariPher7 ot auoh II struc­

ture. After eweral hours the o~J.13r &mall structure gould

contain several hUlldrec1 eGlle. The rotet1cm ot the cells ewDt~

ceased and the cells remnined in Q 'dormant condition. BowWr,

mturation ot this struoture to form Q 10l'UfJ vas never obsenecio

The above observations were made on pur& cultures which

were kept growing by aer1al trrmstel'B tor tifteen months. Beeent4r

6\ new Qtra1n of k1m;:1nth'Q, was obtained trom Zostmm JBaJ1& but

this stram was not isolated in pure 'culture. Upon the t1rat ser1al

transfer ot this 1mpure culture, a Jel101J structure about 00 5 111I in

d1amet0r _G found on several apr platsCJo This struoture was

oomposed IilOrst1l' ot spherical shaped cells (r~o 12) 10 mu 111 d1am­

Erber plum a t0W norm]. vegetative IAblfipthula cells, aU of them
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yellow in calero It -.0 impossible to demonstrate the gerJD1nation

of the individual aphariaal oellso However after ten hours ot

inoubation OD a fresh plats, the charmoteriertio net....plammoc11um WalD

found &round tho peripherJ or the struoture with vegetative cells

IDigr6tiDg out ot the ;vellow mail's of eelle. In addition thero

were many mmoeboid O011s around the periphe17 or the etruetur8 p

It 1s too early to draw a definite cODclU8ion eoncern1J1g these

amoeboid calla but it eould be intarestiDg if they were shown to

be III part of the lite 07010 of LaJm:iptbnJfD This work is 1n

progress Q t the prQaent time 0

In conclusion, it is possible to say o~ that LibYrinth"]e

did not torm i'ru1t1J1g bodies when poon in pure culture II although

thers 1s aartain GvidaDC8 to indicate that kbYrinthuli 16 capable

ot forming such 8 Struct\U'8 when enriromaental ooneRtions ar6I

favorable.
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10 A speoies of r..abniDthula WQS obtained free ot oontam­

mating organisms other thu bacteria on a sea vater apr medium

without added nutrients, aDd vas isolated in pure culture 't1S1Dg a

sea w&ter agar mediUtii oonta1DiDg blood 0

20) The morpholou of th@ hldividual celle of la.inthP"

was invewt1gated. Following is Q sUlDIDaI7 of the pertinent featurel6)

Although UBWAlly tua1f01~, the cella may modhy their shape when

passing Q meohanioal barrier or when o~orming to the contour of

8 ti]amant or ptAthwa1 on which they- are mgrat:lJlg" In additiOD

apherical 0$110 uta ocosw1ona1l7 found which mre tormed b7 the eneW

ot the oells folding ovor or by lateral expanmion or the cells 0 The

latter type of spherioml bodJ is found when the organisms are eub­

jeo~d to untavorablG emvironmenta1 conditiona. No demoJlStrable

cell _11 is prosent but from neoGssity some type or fa flexible

oell membrana must be presant 0

The inter~l mtructure of the cell ~as found to be

rQlatlvel1' simple;,. A nmioular nucleus and numerous UDitorm grsnule61

wrs cbaracter1stioall3 }remento It ws. shoe that karyoldneo18

charaoteristicall7 preoeded cytokinesis. It was not possible,

hotJ8vv, to r06onatruot the de'taUa of nuclear divimioll from sta1Deci

epeaimenp 0 The function of the UDitorm grunules charscteriatica1l.l
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preset 111 the 0011 1e 1mkDcnm, though it us pos8ible to demon­

etrate that theme Branu1el OODtau po17acoch8Z'lcle and U.poldo

Vmouole19 are rare1l' present 111 haalt~ cu1tur.a of kbnipt!l'i'8

although thaT oocur tNquen~ ill ADS.cat cUlture& 0 Bo E>ridence

waa obtained whioh m1Bht 1ndicate that thetiJ8 vaouoles are contrao ca

tile in DB.tUN 0

:3 0 The cella of IAhYriptbpJ, exhibit a high degree of

motiliV 9 the me~haD1sm of which 1s UJ1knOVllo No flagella ~ oU1a

are present" The motUlt1 appears depcm(lent upon the t11aments aDd

patlmays produced b7 the cells tho. the motUiv 18 of tAD actin

The tOl'mt1on and morpbologr of the filaments and path-

_ys ~er0 1nveetigate4o It was detinite17 ahoma that the t'l.ment,

are not paJeu4opods, a f1nc11Dg which oontradicts reporte 1D the

literaturoo The filmJMllltB are DOt direct secretion8 ot the cell

but ue formed from nat mucoid 1amellae 8ecreted b7 the cella!) The

pathtfaJiJ tJ'I8:: ~hioh the cella travel are formed b7 expansion of the

f11amentaQ Po17maooharide., found present 1n the muco14 material

of the 1amellaGD the fi.1a"9utm and the patlma780 Evidence 8. ob­

tained indiaatiq that in I8l17 lIletenoea the path.,. Bre opeD traoke

over which the orpJl1mll8 Jdsrate 0 Further widODC8 boWftf8%', in410ated

that 1n other inataDCG)8 pathtmfl are tubelike struotureso
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5~ The colODie8 of Lmbxrinthp'. on agar are eas11J dimtill...

guiahable from colonies ot other "microorpnisu. IebniptltP'g

pan upon, 111 but Dever above the surfaoe of the agar 0 CD the

aurtaoe of the agar the growth 18 fan...J.1ke 1D appearance, Uile

111 the agar the grorih is lnwb-11k.. This 1s undoubtedq dE to

the bighq reticulated network OD which or in which the orpnienu

mignlt0.

60 A var1e't7 of GnVirODmaDtal factors affeoted the growth

. of Lablrinthula in pore cultUl'Q o Growth ocourred on apr 1D

oonoentrat10D6 ot 1 per cGnt or leLlS 0 Grcmth tJ6e never obta1nsci :in

cozmmticmal liquid media; probabq because the orpnism baa all

obligate surface requirement. SJDthetia eJ88 water proved to be all

acoeptabla ~ubBtituto for I!8tural 91a _ter, but growth was not

obtained on media contaiDiDg .1ther 3 per aet sodium ebloride or

fresh _ter as a baseo The PH optimum tor grcmth on sea water

med1& contaiDhg serum wal pi '108. On this medium, the growth

rSnge 9&8 pH 70 0 to pH 80 90 The optimum temperature prcwed to b0

in the range ot 18°Cv to co2'J°C. The max1mwn temperature of growth

~aQ :3000. The m'nimgm temperature va8 Dot &peo1t1eall7 determ1rJed

but sroath occurred at icebox temperatures.

'0 Although alterl1ate _taps ot veptat10n aDd .truouticatiOD

have been reported to occur in' l.abYr!pthP'e, it was not possible to



d0JllODstrete vithout qualification a eta.. of tructifieation in .

pare oultureca" Survival of IalprinthuJ,a 1D 1mpure cultures was

euggeetiw of tba edSt0DC8 of a 1'8GiotaDt aatap, but DO support1Jlg

cytological evidence was obtained.
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Fig. 1 A photomicrograph showing a culture of Labyrinthula extending beyond the
periphery of a baderial colony. lOX.

Fig. 2 A phase of photomicrograph showing the shape and internal structure of a Laby­
rinthula cell. l150X.

Fig. 3 A drawing illustrating a cell "squeezing" !,ast other cells which are not moving.
600X.

Fig. 4 A drawing illustrating a cell conforming to a bend in the pathway. 2300X.
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Fig. 5 A phase photomicrograph showing vacuolated cells of an apparently healthy cul­

ture of Labyrinthula. 650X.

Fig. 6 A phase photomicrograph showing medium-size pathways of Labyrinthula. 650X.

Fig. 7 A phase photomicrograph showing the lacy network structure of a colony and the
massing effect at the periphery of the colony. 70X.

Fig. 8 A drawing illustrating a broad lamella which is occasionally formed from a fila­
ment. 1350X.
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Fig. 10
°8

~ Fig. 11

~

Fig. 12
~

Fig. 9 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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