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'ABSTRACT

Nematocysts aré the “stinging capsules” used by all

cnidarians to kill prey. Nematocysts are contained in

three

SUpPpPO

from

functional types (Types A, B, and C) of cnidécytes
rting Cell ¢omplexeS (CSCCs). Nematocyst discharge

CSCCs is cqntrolléd by external stimuli, chemical and

" mechanical, which in turn initiate intracellular signaling.

pathways. Extracellular Cca? is required for nematocyst

discharge. This study found that Types A, B, and C CSCCs

are 1
extra
Types

Type

nvolved in préy killing at the»ratio of 1:2:4 and that
cellular Ca?" is required for‘prey killing by all three
of CSCCs. The relative involvement of each CSCCs

in the presence of various concentrations of

extracellular Ca?' was examined. Type A and C CSCCS are

found to be actively involved in prey killing at low

extracellular Ca® levels, whereas Type B CSCCs are not.

Prey

killing from Type A CSCCs peaked at 4mM ca? and

‘gradually declined at high extracellular ca? levels. Type

B and C CSCCs each peaked at 16mM ca?’ and abruptly declined

at hi

obsern

gh Cca? levels. Abrupt decline of prey killing

ved at 18mM Ca®' is due obviously to extracellular Ca®*

iii




‘entering as intracellular second messenger rather than

- electrogenetically.

iv
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corals, jellyfish,

CHAPTER ONE

INTRODUCTION

_Por*nearlyitwofcenturies cnidarians,'lncludlng hydra,

andvsea‘anemOnes, have been the object

nnat_ralistsiand‘hiStologists. 5Morei;

" recently, tﬁénéﬁiaariahsthaﬁéfbéénvof keen’interestfto*

experzmental blOlOngtS because they are the s1mplest

’f'metazoans hav1ng a nervous system (Muscatlne and Lenhoff

-l974)

and many spe01es are eas1ly reared 1n the laboratory f o

-;(Hesslnger and;Hessinger; 1991) Cnldarransfare%”

diploblastic:animals Composed of three layersf the'

 ectoderm, endoderm, and mesoglea. The mesoglea is a =~

basement membrane containing nerve fibers and collagen. In .

addits

ion to cementing ectoderm to endoderm, it provides a.

‘ substratUm‘oyer which cellsfcan mOVe;, There‘arefthree

Oacknowledged classes of cnldarlans (Werner, 1973)

"hydro;

7oa‘(e;g. hydra) the scyphozoa (e g true jellyflsh),

“and the anthOZOa:(e g ‘sea anemones and corals) ' A fourth ,

TQClaSS

. propos

the cubazoa (e g box jellyflsh)‘ has;reCently.been -

;ed.(Brrdge“et_al;‘1995).




Figure 1. Sea Anemone Haliplanella luciae in
its Natural Habitat. They are found under the
rocks and gravel (Glen Watson, 1999 Computer
image) . '

Liike other cnidarians, sea anemones are aquatic

predators possessing tentacles. The tentacles surround the

oral disk. Anemones have no vision, and, therefore, rely

on chemical and mechanical reception by the tentacle

epidermis to detect prey.

Within the epidermis of the tentacles are specialized

effectior cells called cnidocytes (Hessinger and Ford,

1988) .

eversil

The cnidocytes are secretory cells that contain

ble capsules called cnidae. There are three major




 types o

”ﬂthThefnematOCyst

”VTSp'rocysts,‘ptychocysts and nematocysts‘r"

1996)

“ﬁNematocysts,are Used to Capture‘Prey R

ﬁare double walled capsules

ﬂfnematccyst capsule encloses and at 1t s aplcaluend "iSjﬁ“‘ﬂﬁ

‘?Q»contiguous-WIt'

'19475

a hollow 1nverted tubule of varylng length

,;s*tlghtly 001led and folded (Ewer,~

The tubule bears arrays of tlny splnes Several

'“"diStlnct types of splnes may be present on the tubule of a

{ﬂsinglé nematocystfand sprne”type,_S1ze, and arrangement are-

_usedfe

1954) |

ndicators;iﬁicnidarian taxéﬁomyi(Hand,:l

The nematocyst cap ,les“also contaln a.

“:gsophlstlcated and potent venom, Wthh contalns sulfur and

,QiphoSphate compounds (Hess1nger,_1988)

'**’ﬂioffapx
~ unknoy

“nemat<

d:dischz
* penet:

T’ffast—a

'v“h‘;primazy functlon 1s_defen'e and prey capture ‘ Upon recelpty_

vnﬁprocesses?toicause‘thefinverted.tubule;ofrtheV,

>cyst to rapldly evert awprOCess calléd-nematocyst\f'

éategtheLOuterglntegumentAOf:preygands;njeqtsyI;s‘W':“

icting venom into the prey.

‘fThe nematOCyStﬁs-ﬁn ey

>ropr1atejst;mull, the cnldocyte 1s acted upon by jdﬂ»‘”“t’

1rge,' The evertlng tubule attalns suff1c1ent force to[:_f;"



”Jn the laboratory, thé,sea”anémané,.Haliplénélia?~»<”

‘iluciae, can be fed w1th brlne shrlmp (Artemla sallna)

",,naﬁplii;j'The surfaceloﬁJthe?shrlmPELngomposed;of,chltln,'

~lapo1ysacéharide_ﬁade“ofGNLaéetylatédféugars.c:Préy,aaptgreV*‘

'7isyln1t1ated by receptlon of chemlcal v1bratlonal andf]fh“d

"contact stlmull from thewsw1mm1ng prey and culmlnates in

'nematc;'

"kThorJ

'neuromuscular movements, the captured prey 1s transferredg,f

ptokthe‘oral disk.»the,mouth‘opens,tand‘lngest;on‘OCCurs;dif'h

h,diSchc

‘fHes51I

hbsuppon

’senson
-~ preval

 which

'suppol

these ¢

 the st

*»thenhoff and. Heagy, 1977)

: Cell Complexes-Controllﬁematocyst Dlscharge?hd
Dmo types of cell compleies regulate nematocyst”
1rge from'sea anemone‘tentacles (Thorlngtonvand'@rrf5 T
1ger, l998) ‘the.relatlvelyrraressensory‘nenronf“
“tlng cell complexes (SNSCS), whlch conS1st of onejf,
y'neuron‘and adjacent supportlng cells, and the’
Lent.cnldocyte supportlng cell complexes (CSCCS), }hfc
cons1st of a cnldocyte and two ‘or more adjacent -
*ting cellsd(Watsonfand:Hessinger,l99l) Both of

611 conpleres have Hair bundies that protrude into

irrounding seawateér. These hair bundles consist of a




kinoci
SNSCs,
and‘5—
vcellé
1965;

and We

lium and a'bundle,pf surroﬁnding stereocilia. In
céntral sensory.cells contribute a single kinocilium
10 iarée diameter stereocilia and adjaéent supporting
contribute small diametér ste:eocilia (Wéstfali,
Mariscal ét al., 1978; Bigger; 1982; Mire;ThibbdeauX

tson, 1994). In CSCCs, the cnidocyte contributes a

'singie kinocilium to the center of the bundle, and<the

adjace
sterec
origirn
chemor
acetyl
cells

1987) .

nt supporting cellsveach cdntribute several

cilia to the periphery. While the kinocilium

ates from the cnidocyte, the stereocilia and,the
receptors for N-acetylated sugars, sﬁch as N-
neuraminic acid (NANA), are located on the,suppofting
that surfound each cnidocyte (Watson and Hessinger;»

In sea anemone tentacles, the CSCCs are the primary

functional and structural unit for nematocyst discharge

(Thori

(Thori
three
bear ¢

contac

ngton and Hessinger, 1990).

Cnidocyte Supporting Celvaomplekes are of
Three Types

'here are three Typés of CSCCs: Type A, B and C

ngton and Hessinger,-l988a; 1989; and 1990). ‘All

types of CSCC bear sensory réceptors. ‘Type C CSCCs

nly contact receptors and discharge‘in response to

t stimuli alone. Type B CSCCs bear both contact and




chemic
chemic
recept
" chemoxr
.confac

contac

extrac

al receptoré(eand Type A CSCCS bear‘vibration, 
al,‘and_contact receptofs.- Al1 these differenﬁ
ore”functiOn to detect prey. When stimulated,
eceptors and‘vibratien‘receptors, predispose the

t receptors to trigger discharge in fesponse tovprey :
t (Watsenvandeeseiﬁéer, 1991) .

Type B Cnldocyte Supportlng Cell Complexes use
: © Ca“’. Channels .

Lenhoff and BoVaird (1959) have shown that

ellular Ca”’isvrequired for discharge of nematocysts

in hydra. Likewise, sea anemones have been widely used to

study

- 1988b;

nematocyst'discharge (Thorington and Hessinger 1988a;

1990; 1992; 1996; 1998; Muir et al., 1988;,Watson_

and Hessinger, 1988; 1989; 1994b; Mire-Thibodeaux and

Watson, 1993) . Watson and Hessinger (1994Db) report that

extradad

ellular ca®' is required for nematocyst discharge from

Type A, B, and C CSCCs. Based upon single doses of N-

acetyl

neauraminic acid (NANA) Watson and.Hessinger, (1994)

concluded that L-type calcium channel blOCkersﬂ(e.g,

nifedi

pine, diltiazem) specifically block the nematocyst

discharge from Type B CSCCs. More recent studies, however,

by Thc

nifedi

rington and Hessinger (unpublished) have shown that

pine dramatically shifts biphasic NANA dose-reSponee



to a much lower.NANA:conCentrationfv‘ThefCa%'Channel

“actlvatOr,QS(QiBay K 8644'Atotally blOCks dischargeffrom-

“TYPe

B CSCCs as does hlgh (1l mM and above) extracellular

calcium. ‘Cadmlum (Cd%),'an 1norgan1c ca101um channel

blocker;'and‘lOWeextracellular Ca+'haveralso been shown to -

',leftr

-sensi

shift the NANAidose—respOnse, thereby increasing the

tivity to7NANAﬂlike'nifedipine:(Thorington andl

‘Hessinger, 1988).

.Type A Cnldocyte Supportlng Cell Complexes can
‘ : be Spe01flcally Inhlblted : '

'”1Nany vertebrate v1bratlon sens1t1ve mechanoreceptors =

Larelinhlblted;by amanglycoslde antlblotlcs, such»as

' streptomycin:?,Discharge from‘vibration;sensitive-Type‘A _

~ csces

strept

has beenfshown to be_inhibited by'expOSure'to

tomyc1n or gentomyc1n, but dlscharge from Type B CSCCsf

'w.lanleype C CSCCS 1s not 1nh1b1ted (Watson and»Hess1nger,‘j

1994p

_ The stereocilium bundles (SBs) of Type A CSCCs in sea =

' anemone tentacles are filled with longitudinal bundles of

‘micro

metabolite that alters

fllamentsfthatjcontrol the;shOrtening andlelongationli

B'(CB);is»a'fungalf

pé and inhibits a wide




jaCtin'

’"‘gnematc

*Efreque

59:[sterec

'1"treatn

varietly of

'fdiSCha

cellul r‘movements by‘capplng the plus end of

microfllaments The effects of CB on the nematocyst#bJ%J

rge have prev1ously been tested Cytochalas1n B ~'h

,,y;caused the SBs of Type A CSCCs to dlsappear In-theu_ﬁ e

,fWhenrt

I]A cscc

~ signif

= vSteret

. NANA

‘T_TNANA e

?zf?ééﬁe

:;ﬁhaﬁ t

S He‘ss.lr e

,ﬁ>‘?199l)'w..,‘

cilia‘was‘pbsérved

hose of NANA alone

icant effect on the

Hllo M) andfproline (10°

(5

cysts at fr Quenc1es of 5

R

15

:cilia{resulted* Furthermore,

1ent shlfted max1mal dlscharge of nematocyst to

30,

Lce of NANA alone, Type A preferentially dlscharged 7;if'

30 and 40 Hz, but

reated w1th CB no dlscharge at any v1bratlonal
-ncy occurred Thus, CB 1nh1b1ts dlscharge from Type_,fT’

but not from Type B<CSCCs (Watson and Hess1nger,;ﬂi

3Jhenfanemonesgwere treated.with-prolineﬁ(10%&M)§fno;_'

, n'the~presence]0fiboth‘353;1jh
ﬁé_elbhgatianféffeatibfexf'

n the SBs was- reversedﬂand a net shortenlng of the

a comblned NANA prollne

=nc1es that:were 60 Hz hlgher (65 HS;&Qleand 100 Hz)“

.andVVO Hz)(Watson and




N-acetyl Neauraminic Acid Signaling Pathway Uses
' Cyclic Adenosine Monophosphate

Nematocyst discharge from Type A and Type B CSCCs in

sea anemone tentacles is:controlled by chemoreceptors
activatéd by N—acetylated‘sugars, such as,NANA.V NANA-<
‘stimulates adenylyl cyclase éctivity in the apical membrane
of the supporting ééiléféfLééa'anemone tentaclés (Watson
and Hessinger}fl9§2f.;-Agéhﬁé”fﬂaﬁiincrease intracellular
caMP levels (cholera toxin, 'f'_éa"r;kolin, dibutyl-caMp); (1)
inducl |

|

tune Type A vibration-sensitive mechanoreceptors to respond

elongation of.StéreGCilia of the Type A CsCCs, (2)

to loWer freqﬁencies, and (3) sensitize Type B CSCCs to

, discharge»nematocysts (Watéon and Hessinger, 1992).

Ozacmak ét’al. (2001) repo#ted that NANA Specifically and
dose-dependently increases the cAMP content of the‘anemone
tentacle ectoderm. NANA stimulétes in situ cAMP production
in tentaclés of the sea anemone (Aiptasia pallida),
suggestihg a possible role”in’chemdsénsitizafion of

nematocyst discharge

Hypothesis
The previously discﬁsSed studies have shown that
nematocyst discharge frOm}Sea'anemone‘tentacles is under

the control of extracellular stimuli that activate both




 intracellular and intercel

d?uAlthoUghiQnematoCysts7a e”:

.. means

by:whlch preyﬁare capture‘ Hit 1s not known to what ‘

z.ektent These 1ntracellular and 1ntercellular processes

vh*sfﬂ;affeCt prey capture and 1ngest10n The present proposed

1s des1gned to extend our knowledge of 31gna11ng ;s,w3;rﬁ'

“‘;procecses 1nvolved 1n the control of nematocyst dlscharge' .

to i"nc_«lude*_-_ that' ?Of ;pr‘e‘y” 'C,aptui:e‘ ;and, 1ngest.1.on ‘and ‘_to}' revea_l"i‘ 3

‘tthe~reiatiue roles_offthe differentitypesfoffCSccs‘and:Qam;

'gpchannelssinipreyfcapture{

pathws

“chemic

gt

‘?hiSfproposaI.stems.irom'recent;WQrk,on'signaling_ i

ysﬁihvolved”infnematoCYSt;dischargehin“whichmdefined'
als7andﬁartificialfmechanical probés.Were;used to.

nematocystldisCharge; ‘The focusfof‘myuproposed‘ R

investigation'willbshift_frOm“nematocystndischarge‘per'sewL’

to_thef

chemic

capture and.ingeStionfoffprey;i‘In this study,”"'l

al stlmull are prov1ded from the surface of llve prey;rb

»(shrlmp) and mechanlcal contact stlmull are prov1ded by thesdf]r"

Swimmi‘

ftranSc

,from,r

ngfmovementsb0fsthejprey5-‘7
‘he CSCCs?inhibitors5arepakgroupfof‘drugs, Wthh block:f
luctlon pathways that control nematocyst dlscharge

espective'CSCCS (Watson'and Hes51nger,ul987;‘w




”TiThbﬁlngton and Hes51nger, 1990)yfTheSe‘drugsfare chOSen'inﬁ“

‘w;thefpresent study because thevs1gnal pathways that controlﬁx77'ﬁ

':»_nematccystjdisoharge;are'Suspectedité governfpreygcapture o

',and,ingesticn,f

1xof,CSCCs, extracej*’laffca ~and Ca channels‘lnssea‘ﬁ g

t}anembne prey capt T Nullfhypothesis,states‘that‘three
-*:;CSCCs Types extrace:_ulartda%) andfCa%‘channels'areinctjgc‘;1
LVfinvclved in prey capture and 1ngest10n 1But) lfreject¢the}*ﬁf

Q“Null:hypothes1s and hypothe51ze that

"‘Jn,Allfthreeftypes;of;CSCCsfarecinvolvedyin preylcapture,lfV

sjﬁjn cons1der1ng the relatlve roles of dlfferent types' TR

' 2. significant differences exist among the roles of three

| Twes (8, B, a0 ©) cScCa in prey capture.
3. Ca channels are involved in prey capture
uif4jhéhan§es in extracellular Ca levels;affect prey
- Eiapturé; . o i

“.;5{lnh1b1tors of CSCCs, Wthh block prey capture, a;eyp‘

:m

1ffected by extracellular Ca%'levels,;andif
fn'extracellular Ca%iaffects Type B and C CSCCs by anr

”:Jntracellular effect




CHAPTER TWO

MATERIALS AND METHODS

Materials

Monoclonal sea anemones, Haliplanella luciae, are

derived from stock cultures,'originallyvobtained'from Dr.

Richard Mariscal, Florida State Univérsity. Dessicated

brine

shrimp, Artemia salina,'cysts were purchased from San

 Francisco Bay Brand (Hayward, CA). S(-)Bay K 8644 were

purchased from Research Biochemicals, Inc.(Natick, MA).

Streptomycin, cytochalasin B, and other reagents, unless

otherwise'specified, are purchased from Sigma Chemical

Compar

dissol
concer
Fiité;
Mafine

(Corér
:
’watér

chemia

1y (St. Louis, MO).

ZYtochalasin,B; ﬁifédipine, and.S(-)Béy K 8644 aré
ved in dimethylsulphoxide (DMSO), with a final
1tratibn of DMSO on sea aneménes'not to exceed 1%.
red naturalisea water“(NSW)viS obtainéd from Kerckoff
. Laboratory of Caiifofﬂia Institute of Technology

1a del Mar, CA).
\rtificial sea water (ASW) was prepared with deionized

and different concentrations of the following

fals‘concentrationsﬁ NéC1ﬁ(423 mM), KC1 (10 mM), CaCly

12




(10 mM), MgCl, 6H,0 (24 mM), MgSO, 7H,0 (25 mM), and NaHCOs;

(1.2 M) adjusted to pH 7.63.

35-mm

with 1

Maintenance of Sea Anemones

Sea anemones, H. luciae, were placed individually in

diam. plastic culture dishes containing NSW covered

ids. The animals were fed three times a week

‘(Sunday, Tuesday, and Friday) with freshly hatched brine

shrimp nauplii (Hessinger and Hessinger, 1981). They were

cleaned daily and maintained at room temperature (23il°C).,'

Experi

ments were performed approximately 72 h after feeding

for the purpose of maximizing prey capture (Thorington and

Hessinger, 1988b).‘

Preparation of Brine Shrimp Naﬁplii

Dessicated brine shrimp cysts (ll.O‘g) were added to

300 ml of NSW at room temperature with gentle aeration..

After
nylon

(34.3

1h, the hydrated cysts were filtered (100 mesh
, rinsed with NSW, transferred to a brine solution

g rock salt in 300 ml NSW), and aerated for 24 h.

After 24 h, the shrimp and cyst suspension was allowed

to settle for 5 min to separate the floating cysts from the

swimming nauplii. The swimming nauplii were removed with a

13



L hatohe

S were t

'ﬁ'f'diamet

'sbastin

mesh).

';tranSf

'\1fA 1oo ml. allquot £ the

"vddilute

‘fjilter

: counte
'*wreplic

" the br

g syrlnge and transferred onto a nylon fllter (lOOdQP'
The shrlmp were gently rlnsed on the fllter and o -
erred to a beaker contalnlng aerated ASW ‘ Freshly,;

d nauplll were prepared for standardlzatlon

Shrlmp Standardlzatlon e

:repared shrlnp suspen81on was
d Wlth anthu‘l Six 1- ml allquotsh'
ransferred‘onto‘ 'eroroneperfM;llpore;Type~ﬂAl*""
'Wi cn suction. The ‘naup-il.-',‘iif»d-.csnl- 't?h*eﬂ' f’il‘i:vvebrs»";x./’ver,e';_ o
d under a shereomlcroscope The mean of‘slg -

ate COunts Was :u_Sed ;:tO -‘Calc.lullatve the VOlU-_me ftQ , Whlch o

ine'Shrimp'suspenSiontwascadjustedpin'order.to_be;at7.'

,a;standard~oondentration;of’332 shrimp,per ml or 83ilhperjf,

250 mi

croliter.

StandardaASSaYS

"Maximum Number of Shrlmp Anemones are Capable of
ﬂ-_Capturlng and Ingestlng , EETSC

TI'\

‘experi

anemon

‘also ¢

1x groups of flve plastro culture.dlshes each (35mm 2 |
er)werevused~in eaohvprey assay.‘ Groups (l 6),-‘“
menhal!dishes oontalned 4. 75 ml ASW and one adherent,'
Le per‘dish,ﬂdThepsevenuh group; the_conhrols (C72)~

ontainedhASW;Lbutpno;anemone.f The C-2 wasfused,to' :

14.



Prior |[to tt

"‘byihe_shrimp Viability;

- all anemones were gently rinsed -

. with ASW, and the dishes were filled with fresh ASW.

' Shrimp numbering (20, 40, 60, 80, 100, and 120) were

‘cournt

4, 5,

~ group

_exper

‘room

- Under

ed reépeétivély.i@to the”éxpérimeﬁfai;§£0ﬁps'(l,.2, 3?
éﬁdi65}v£espeC£ivei§:l The'¢f2 féfaéaéhléxperiﬁéﬁﬁaii
éghtéinedlthe[same ﬂumber ofshrimp'a§ tﬂe  |
imehtaiti ExpéﬁiméﬁtéI §hd cénﬁrolsMWereiihéubatedfath
tempéfature in‘a wobden bé# that admitsngreén>light, 

the green light, the normally phototactic nauplii

iqswim randomly and do not_congregate; After 30 min, the -

dishe

inges

s were_remQVed from the box, and-the’numbér‘of Shrimp

ted,‘killed'uningeStéd and total shrimp‘Captured’in

each experimental group was counted under the stereoscope.

;_The number of killed shrimp;inICOhtrols was also counted.

The result of this assay iﬂdicated‘thatvdn‘aVerage,,anv'

janemonevcaptures‘énd ingéStsva‘maXimumJOf‘83il shrimp.

This Shrimpynumber wa's péed.in-éll further investigatiOns ‘

' to feed anemones.

‘fStandard Starvation Time for Experimental Anemones

'Seven groups ofvculturé dishes (35mmfdiameter) were.

yused'with5five dishes pe;:grOUpf ;Gréupr(lfG)ffthe'

,“15 




‘anemon

‘also ¢

‘<”exper1
“athese_

' feedin
,tvwithvp
.
}andtcc
Ev“vcen‘t:rc
‘”uninge
'=sterec
'préth
"t’starua

- starve

i experimentaijdishesTéontainedh4;75hﬁl;ASW'and one adherent

ejper dishisdThedseccnd group, the:contrcis’KC;2)7”
entarned ASW hut no anemone } Thefé#éﬁoﬁésyin\f d:hu
mental groups;‘(l 6) groups,'wereHStarued fOr‘uarious
.kb?fiéf 24, 48:j72j and“§6 heurs) At the end of

respectivevperiods;'the.anemoneS’were'washed‘without

gﬁ‘dOﬁ'thé. ,all~the anemones were gently rlnsed

SW and the dlshes were-fllled w1th 4 75ml of fresh

1'Thef83i1hshrimp were»added to all'the experimental’

ntrol dlshes‘and rncubatedh in-each experlmental andh
1 dlshes,vnumber of shrlmp 1ngested kllled |

sted and total shrlmp captured was counted under the
chpe;‘ The”resultof this assanyhowed thatmaximumfv
éptﬁréﬁ;ﬁa:ingéspiéhfaééurréd fo;;éwiﬁg7gin£fv 5

tion. Therefore, all the experimental anemones were

d:ford72jhrﬁprior”tcﬁeachhsubsequentfexperimentfg,

for Prey Capture and Ingestlon

’vAesay

"~ surface

 test s
"threa

 anemon

ffiour groups of culture dlshes were placed on a flat:

e, jGrouplcneg»the experimentaltdishes, contained S
olutions and cnexanemonefperfdish.y Groupftwe)

ted anemone Conﬁrol‘(C%l))_?ontained‘ASW-onIYfand oneﬁi

e per dish. Group three, test solution control (C-

| 1'6’



2), contained test solution without anemones. - Group four,.

.‘ASW control (C-3), contains'ASW without sea anemones. The

C-3 was used to determine the viability of brine shrimp in

ASW.

use.

All anemones were gently rinsed with ASW prior to

- The ASW in experimental and C-2 dishes was removed and

replaced with test solutioms. ‘The ASW in C-1 dishes

containing untreated control anemones was replaced with

fresh

dishe

ASW, and C-3 centained ASW only. All experimental

s were then pre-incubated for various times, then,

0.25 ml of»standardized shrimp suspension (83%1 shrimp) was

added
- incub

contr

to all four dishes.  The dishes were then placed for
ation. The number of dead shrimp in C-2 and C-3

ols and the number of uningested dead and live shrimp

in experimental and C-1 controls were counted under a

stere

omicroscope and the results recorded.

Determination of Shrimp Killed by Anemones

“viabi

To compensate for the effect of treatment on shrimp

lity in tests, the number of shrimp killed by

treatment.alone (C-2) was subtracted from the number of

uning

ested killed shrimp to give the adjusted number of

uningested killed.‘,The‘total number of ingested shrimp was

17




‘determlned by subtractlng the number of 11ve unlngested

.shrlm@

number

plus the number of kllled unlngested shrlmp from :

of added shrlmp (83+l) The,total;number of“shrimp e

"krlled 1n experlmentals was determlned by addlng the'ﬁ

iadjust

._1"

»contrc
" subtra

/1Cfi;d1

in con

ed unlngested kllled shrlmp to total 1ngested shrlmp;

1s the number of dead shrlmp in ASW alone (C 3) was

trols, kllled shrlmp and the number of shrlmp allve

"The tctal 1ngested shrlmp 1n controls was determlned by

subtracting numbergQﬁ»killed5uningested,shrlmp‘plusvShrlmpff,

alive

from‘shrimp«added;(BQilﬁ{f;The'total.shrimp‘killed_in ‘i

"chontrcls was determinedbeWadding;adjusted*uningeStedff;'Mhh

n:killed,shrimp tbﬁtbtal«ingestedishrimp; ATheﬂpereentages of ii—"

the'mean total shrlmp kllled were determlned by d1v1d1ng 5

-‘the'mean total kllled 1n the experlmentals by the mean

‘total

kllled 1n the controls and multlpllng by 100 vTheldb

o percentages of the mean total shrlmp 1ngested were :t

- determinedrby leldlng'the mean total'lngestednln,the‘t

lexperlmentals by the mean total 1ngested 1n the controlsv

'andfmultlpllng by 100

18

1o adjust for the effect of ASW on- shrlmp v1ab111ty 1n71',‘

cted from the number of kllled unlngested shrlmp 1n b‘\'dd

shes to glve the adjusted number of unlngested kllledhd



Experlmental Protocols

ihhib:tlon of Prey Capture From Type A Cnldocyte
”Supportlng Cell Complexes,,”

~N£rollne:Treatment,; Twenty‘cﬁlture drshes were d1v1ded
:eveniyointovfoﬁrvéroﬁps;"Thevfirst_group contained :
vexperimentalﬂaneﬁopes; oﬁepaneﬁone»per dieh. ,Thé eeooﬁdfr'g
third and - fourth Qroups were the C- l‘.C 2, and.C—3
eOntrOls:;The eXper;@eﬂtal>anemones Were'preeinoubated'ip
-Sml'ldﬂvMiNANAjiaiAéWpforpfive;migeat-room temperature.
‘ThepASW in eXperimeﬁtalvﬁiSﬂeé &aé replacedIWithe4;75mi:ldﬁ‘
: M prolrne’and pre rncubated for ten ﬁln The C‘l dlshes
oontalned‘ope anemone . per dlSh and‘4 75m1 ASW the C- 2
l”diehes contalned 4.75m1 107 Mvprol;ne solut;ons_ln»ASWéf v,J
j while the-C—3 dishes.oontainedvonly 4;75ml ASW} Afterften.’
~‘ﬁinrpre—incobation( 0.25ml>0fistaﬁdardized shriﬁpréoiution
‘eis'added to ail'dishes.:The dieheszere-ihcubated,-after

which iata WaS'oolleCted and“reCOrded.

- StreptoﬁycihTreatmeﬁt.E.fWenthculture diehes;wereox
‘”diVided_eveniyeintoffoUrvgroﬁpSQ.bfhe’ﬁirSt}two,groups;‘"
‘exp?ﬁimeotaliaﬁdrc—l_controiybooﬁtainrone anemoﬁe.per7dish;
rithepthrrdiaﬁd fourth groupe,\wereithe C—Zuand c-3 oontrols,
~and do’hot coﬁtaip aﬁeﬁoheer> The experiﬁehtal:anemones‘

were prefincubated‘withuSml'lOfLM;Streptomycin ih'ASW for




= a 4.75

 “which

ten mi

n. ’*C—z'Controlsfdontain<;375ml 1042M streptomy01n}

vinaASW,ﬂ The C 1 and C 3 controls contaln 4. 75ml ASW

- After

" shrimp

vobtain

-Inhibl

the ten mln pre—lncubatlon, O 25ml of standardlzed
solutlon was added to all dlshes, and data'was '

ed after inCubation.

- _Sup

tlon of Prey Capture From Type B Cnldocyte'
ortlng Cell Complexes : : :

1

.group,

and fc

here were four groups of dlshes, fivefdishes per
‘Group one was,the experimental dishes and contained
ml of lO M S( )Bay K 8644 in ASW ’Groups two, threeL

ur were: the C- l c-2, and C- 3 controls respectlvely

o Cc-1 and c- 3 dlshes contalned 4.75 ml ASW and C- 2 dlshesi

'vcontalned 4;75‘ml lO'M,S(—)Bay'K 8644'1n ASW. fThe :

experimental dishes were pre-incubated for ten min, after

O.25ml standardized shrimp]solution was added to all

‘,dishesinishes were then'incubated,and‘data’COllected,

uThis‘protocol was repeated'uSing lOfM»Methoxyverapamild(D—

_600)

,another known blocker of Type B CSCCs ' IntadditionL

| thlS protocol was repeated us1ng lO6M A23l87 a Ca

'1onophore and a known blocker of Type B CSCCs in A palllda‘

(Thorlngton and’Hesslnger, 1998).,

20




thnhletlon of Prey Capture From’ Type A B and C

Cni

docyte Supportlng Cell: Complexes‘;;‘~

“'_}groﬁp

“1There were ten groups of dlshes[ flve dlshes per R

The experlmental groups l 4 and C 1 controls ;~"'

‘conta;ned_one anemone per;dlsh( groups 6:9wWere,the Q¥27

VE-Controis;andVgroup'ten‘wasythe_C%3'contrQlS) and did not

' contain anemones. Anemones in the first of the experimental

'mfgdishes‘Were treatedfinﬁiOﬁMftetrodotOXinwin“ASW, which

LtS Type A and B CSCCs,vbuthot Type c (Watson'and:

fHesslnger, 1994) The second group was treated w1th lO M

~5StreptomyC1n, wh1ch 1nh1b1t Type A CSCCs, but not Type B

"‘and’C

CSCCs The th1rd group was treated with- 106M '

' ‘amilorlde, Wthh 1nh1b1ts Type B and C CSCCS, but not Type

A cscv,

o extra

The fourth group was treated w1th 40mM -

*ellular KCl Wthh blocks nematocyst dlscharge from‘

-Tall7three CSCC Types (A B and C)-(Watsonﬂand!Hess;nger,,

of the

c-3c

“incuba

".0;25m

dish

.Eachfof:theifour groupsjof CQZ dishes.containedfoneri,
Tfourvdifferent.experimental[solutions, and C- l and
antrois Contained ASW. All of the»dlshes were pre— yfAuv
atedbfortendnin at;rOmetemperature,hafter'whlchr'

Ldof3Standardized shrimp»solutiondwas'added to each

followed by incubation.




Positive Modulation of Type B Cnidocyte Supporting

Cel

1 Complexes by Blocking Ca?" Influx

There was one group of experimental dishes and three

control groups (C-1, C—2; and C -3), five dishes perxgroup.

The experimental and C-1 dishes contained One'anemone per

dish,

but C-2 and C-3 dishes contained no anemones. The

experimental group contained 107 M nifedipine in ASW. The

C-2 group contained 10° M nifedipine in ASW; C-1 and C-3

controls contained ASW. The experimental dishes were pre-

incubated for ten min, after which 0.25ml standardized

shrimp solution was added to all samples and incubated for

30 min.

- Effect of Different Extracellular Ca%'Levels

three

There were sixteen groups of experimental dishes and

‘groups of controls (C-1, C-2, and C-3), five dishes

. per group. The experiméntals and C-1 groups contained Oﬁe

anemor
anemor
0, 0.
| CaC12
conta

- pre-ir

ne per dish. -2 and C-3 dishes contained no

1es. Each of the experimental groups 1-16 contained

5, 1, 2, 4, 6, 7, 8, 10, 12, 14, 16, 17, 18, or 20 mM

in ASW respectively. All the C—l and C-3 dishes‘
ined ASW; The experimental and control dishes wefe

ncubated for ten min, after which 0.25ml of

22




‘bstandardized‘shrimposolutionfwas:added to‘alipdishes’and:.'

_inoubated}nnder‘green'light;’

b,,Inhletlon of Types A.IB and C Cnldocyte Supportlng

Cel

1 Complexes 1n the Presence of Different

'_-Extracellular ca®’ _Levels

: three

"There were flfteen groups of experlmental dlshes and

sets of COntrols (C 1, c- 2 and C 3) ' The oo 1 C 2

“and“C+3‘dishes were treated as descrlbed earlier,'fThefih

fifteen‘groups_of_ekperimental dishes each contained either

0, 0.5, 1, 2, 4, 6, 7, 8, 10, 12, 14, 16, 17, 18, or 20 mM

.CaClz

~ exper

‘respectiVely.”fThe‘anemones"in,first,gronp Of

Lmentals were 1ncubated in’ 10 M amllorlde (1nh1b1tor

-for Tvpes B and C CSCCS) the second group in 1077 M '_

tetrodot0X1n (blocker of Types A and B CSCCs) After‘tén‘

‘min;lncubatlon, the anemon‘s.were washed w1th ASW “and thenf ‘

‘_4.75-ml of’eaoh‘Cag?concentratron-Was added to the

desig

all u

iatedhgféuP?“.Shfiﬁp (83i1'iﬂo0§25’m1)’was added to

ne' experlmental and - control dlshes, and furtherb

incubated for:BO-mln The total shrlmp kllled and 1ngestedf‘

- were

_Théas

:ountedfandjreCOrded;f;‘"

tatlstlcal Analy51s

'ANOVA

Experlmental data are expressed as means t SLE;M,f'

and tftestngereiperformed usingvSPSS,j Differences;k;‘

23




among |groups were determined by post hoc ANOVA tests

(Scheffe) . Differences between the groups were considered
statistically significant at probability wvalues p<0.05, 95%

confidence interval for mean..

24




- pre-in

B

of €SO

'min;W1
o killin
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C12% ki

~ discha
mucus
‘statis

.:fbr‘bo

| CHAPTER THREE
' RESULTS
Involvement of all Three Types of Cnldocyte

Supportlng Cell Complexes (A, B, and C) 1nﬂ'
- Prey Kllllng and Ingestlon :

[1gh extracellular K" 1nh1b1ts dlscharge from all. Typesiﬁi
Cé:(WatSon,and HesSlngerj l994);foter'ten‘m;nutes of
cnbation in ASW eontainingh40ﬁM KCl,tollowed*bj 30 _
th‘83+l shrlmp, only 4. 3% 1ngest10n and 12 2 A |
gveccurred?(E;gure 2,:Table l ‘and - Table 2)) Slnce
xtraeellnlaraKf bloéheﬁalllnematocyst;dlschargey the
rllinélwwae.attributed to either entangleﬁent in'l:
rglng splreeyets or‘the stlckness ef;the tentaeles‘
layer (Thorlngton'and Hee31nger, 1998) }Therth'

tical_analYSis.with-avatest‘showed that the p values

th ingested and killed were less than 0.05 (Table 1).

25




. Table 1. Statistical Analysis of 40mM KC1 =~

| Eq of Variances | = Eq of Means

~ [Ingested| 0.4z | -149.11 | 28 |<0.001|

"Killed |  0.08 | -155.39 | 28 |<0.001|

T nhlbltlon of Type A B and C CSCCs by 40mM‘KCl
v"iLevene s- test was used for equallty of varlance
. P>0.05 1n each case N T-test was used for
o »‘equallty of means P<O OOl in each case




B ‘]able' 2.

, Mean and Relatlve Percentage of Prey
L I\lllll’lg' and Ingestlon by Each CSCC Type

- Experimentals Controls
o : R .| Relative :
: o | Relative | Mean | .. : Mean 4
11 CSCCs | iy - ‘Mean ‘ - | Percent . Meanv , :
' Inhlblted Inhibitors | |\, sestion IPercent. Total | rrotal ||Ingestion|  TOt!
_ S | ngestion|  Killed Killed ST Killed
‘ AllThree KClI 29404 | 43 | 87+0.2 | 122 67.4+0.2 | 71.9+0.3 ||
|_A |Streptomyoin||52.7:0.3| 81.1 | 62.0:0.3| 871 || 649204 |72.5:03 ||
A| | Proline ||57.4+0.3| 87.6 . |655+0.4 | 91.1 || 65.5+0.6 | 71.940.5 ||
BandC| Amiloride ||20.10.3| 29.9 |[25.1+0.2| 34.8 |[67.30.2°| 71.9+0.4 |
- B| | Verapamil |{40.7+0.3|  59.2 |47.9+0.3 | 65.5 || 68.740.4 | 73.1+0.3
B A23187 || 48.9+0.3| 715 |545t02]| 74.6 68.3+0.2 | 73.1+0.2
B ‘BayK  |[26.140.4| 383 [56.9+0.4 | 776 68.3+0.2 | 73.3+0.2
AandB|  TTX . ||26.9+0.5| 39.8 |32.1+0.8| 44.4 || 67.640.2 | 72.2+0.4 ||

1

Standard Error of the Mean

percent of the prey 1ngested and captured were
a
q

(SEM) .

lean values are expressed as plus or minus the

The. relatlve

ralculated by d1v1d:|.ng the mean ingested and

' captured in the experimental by the mean 1ngested

; and captured :Ln the control

and multlply;ng by




Relative % of Controls

Inhibition of Type A, B,and C CSCCs With 40 mM KCI

14%
12% A
10‘%; 1
8% -
6%
4% A

2% -

0% - - -
. Ingested , , Total Killed

Figure 2. Inhibition of Type A, B, and C CSCCs
With 40mM KC1. ~The contribution of all the

three Types of CSCCs were analyzed by treating
the experimental anemones with 40mM KC1l which

- was shown to inhibit nematocyst discharge in

all three Types of CSCCs (Waston and

' Hessinger). The result of this investigation
- suggested -95.7% inhibition in prey ingestion
~and 87.2% inhibition in prey capture. The

result was complementary to the'previous

‘studies in other species of sea anemones

(Thorington and Hessinger) .
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‘Involvement of Type A Cnidocyte.
Supporting Cell Complexes
in Prey Killing
and Ingestion

The extent to which Type A CSCCS are involved in prey

killingvand ingestion of prey in H. luciae was evaluated by

inhibi
M prol
replic

in the

ting Type A CSCCs with 10™* M streptomycin or with 107
ine. The experiment was run 3 times with five
ates each. N=15 anemones were studied and incubated

104 M streptomycin and"»lO'8 M proline respectively.

In both cases, only Type B and C CSCCs were available to

captur

e prey. Numbers of Shrimp killed and ingested by

experimental anemones were compared to those of the

contro
Result
Strept

81.5%

ls in both streptomyCin and proline treatments.
s were expressed as percentages of controls.
omycin decreased killing and ingestion to 87.5%and

of control (Figure 3). Thus, streptomycin sensitive

Type A CSCCs contribute to 12.5% prey killing.
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Inhibition of Type A CSCCs by 10"* M Streptomycin

g TO% :

'E i

o O, i

S TO/O

©

2 zm‘."

S 0% -

E .

é’ 30% N
120% I
10% -

0% - :

‘Ingested Total Killed

Figure 3. Inhibition of Type A CSCCs by 10™* M
Streptomycin. The inhibitory effect of 107 M
streptomycin on prey ingestion and prey capture
from Type A CSCCs of anemones was evaluated.
Shrimp killed and ingested in experimental
anemones was divided by shrimp killed and
ingested in controls, and multiplied by 100.
Results suggest that Type A CSCCs was involved
in 12.5% prey killing.

Inhibition of Type A CSCCs by 10°M proline also
decreased prey killing and ingestion relative to controls.
Proline decreased killing:to 91.1% of control. In the
inhibition of proline, Type A CSCCs contribute 8.9% in prey

killing (Figure 4, Table 2).
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Relative % of Controls

'y

Inhibition of Type A CSCCs by 10'9 M Proline

00%
90% |
80% |
70% 4
60% -
50% -
40% -
30%
20% -

10% -

0% - , :
Ingested Total Killed

Figure 4. Inhlbltlon of Type A CSCCs by 10° 8
Proline. The Type A CSCCs in this.
1nvest1gatlon contributed less than 10% total .
prey capture. This result was expected of 1078
M proline 1nh1b1tory effect.

- Cytochalasin B, which inhibits discharge only from

Type A CSCCs by depolymerizing actin bundles within the

vibrational sensitive hair bundles (Watson and Hessinger,

1991)
cause

‘not i1

, was also tested. However, cytochalasin B treatment
d gross shortening'of the tentacles. " This data was

ncluded in the results.
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Tnvolvement df.Type'B Cnidocyte'Supporting Cell
Complexes in Prey Killing and Ingestion

‘The extent tQVWhich'Typé B CSCCs are ihvolved in prey
killing and ingestion Wefe detefmined'by‘inhibitiﬁg Type B
CSCCs with:either mefhoxyverapamil (D—600)? A23187 or S(-)
Bay'KE664;vIn each‘case, Type-A and C CSCCs’are unaffected
and are available tb capture1prey. | ?
USiﬁg 10‘5MTD—6OO;éXperimentals exhibited 65.5%
killing and 59.2% ingestion compared to controls! Thus,
the data indicatedvthat Type B CSCCs éontribpted'33.5%,of

killing comparednof control (Figure 5, Table 4).
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~ Inhibition of Type B CSCCs by 10°° M D-600

- 70%

60% -

(4]

0% -

40%

W

0% -

20% -

Relative % of Controls

10%

0% -

Ingested ~ Total Killed

Figure 5. Inhibition of Type B CSCCs by 10> M
D-600. The data revealed 33.5% prey killing
involvement ‘of Type B. CSCCs.

Type B CSCCs were further tested by blocking with 107°
M A23187. The inhibition of Type B CSCCs by A23187
indicated that Type B CSCCs contributed 26% of prey killing

(Figune 6, Table 2).
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Inhibition of Type B CSCCs by 10"° M A23187

80.0%
70.0% -
50.0% -
0.0% -

30.0% -

Relative % of Controls
F =Y

20.0% -

-

0.0% -

0.0% -

‘ Ingested . ' Total Killed

Figure 6. Inhibition of Type B CSCCs by 107%™
A23187. ‘Further analysis showed that Type B

CSCCs contributed 25.4% in prey capture.

The extent of Type B CSCCs involvement in prey killing
and ingestion. was furthef estimated by using third Type B
specific drugs 107* M Bay K 8664. The data indicated that

Type B CSCCs contribute 22.4% of control prey killing

(Figure 7, Table 4).
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~ Inhibition of Type B CSCCs by 10"* M S(-)BayK

90%
80% -
70%
60% |
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40% | |
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10% 1

0% - -
Ingested E - Total Killed

Figure 7. Inhibition of Type B CSCCs by 107* M
‘S(-)BayK. BRAnalysis of the role of Type B CSCCs
~in prey capture was determined by inhibiting

Types B CSCCs with 10* M Bay K 8664. The

inhibitory effect suggested that Type B CSCCs

contributed 22.4% of total prey capture. The

percentage was obtained by subtracting 77.6%

(The % of total prey captured by Types A and C

CSCCs) from 100% (% of total shrimp added).

Tnvolvement of Type C Cnidocyte'Supporting Cell
Complexes in Prey Killing and Ingestion

To estimate the extent of involvement of Type C CSCCs
in prey killing and ingestion, Type'A and B CSCCs were

blocked with 1077 M tetrodotoxin (TTX). The data indicate
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that 1T

39.8%

'vpe C CSCCs kill 44.4% of control préy and ingest

of controls (Figure 8, Table 4).

Inhibition of Type A and B CSCCs by 10" M TTX

50% ;
45% -
40% -
35% A
30% -
25% -

20%

Relative % of Controls

15%

10%

5%.

0% -

Ingested Total Killed

the t

signi

Figure 8. Inhibition of Type A and B CSCCs by
1077 M TTX. The figure represents the result
of Type C CSCCs involvement in prey capture:
The computed analysis showed that Type C CSCCs
were involved 44.4% in prey capture and 39.8%
ingestion.

The statistical analysis of relative involvement of
hree Types of CSCCs indicated that there is a

ficant difference between prey captured and ingested

by Type A, B, and C (p<0.001l) (Table 3).
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The Summéfy of the.pefcentage of eaéh Type of CSCC

suggested that thezavefégé contribution éf Type A when .
‘inhibited with 1074 M-Strebtomycin and 1078 M Proline waé_

10.7%, The average contributiép;of'Type B was 27.6 % and
Type C was 44.4% (Table 4). | R

Statistical Analysis of Type A, B, and C Cnidocyte
' Supporting Cell Complexes

Table 3: The Statistical Analysis of Prey
Killing by Each CSCC Type o :

Type Avs B | P<0.001
TypeBvsC P<0.001
“Type Avs C P<0.001

The data was analyzed using post hoc tests
Scheffe). Prey captured by each CSCC Type (A,
B, and C) was statistically compared. The data
indicated the significant difference (p<0.001,
95% confidence interval) exist among prey killing
by Type A, B, and C CSCCS‘




Table'4: The Summary of Percentage Contribution
of Each CSCC Type

Type A 10.7%
- Type B ' 27.6%
Type C , o 44 .4%

The summary of each CSCC type percentage
contribution in prey captured and ingested. The
esult showed Type C CSCCs greater involvement .

than Types A and B CSCCs.

Effects of Extracellular Ca%'on Prey Killing
and Ingestion.

The role df extracellula: ca?" on the anemone prey
killing and ingeStion was éxamined. The anemones were
incubated at various extracellular Cca’’ concentrations. - The
‘ca?" dose-reésponse was biphasic in shapé (Figure 9). The
dose responsé showea that ﬁheﬁe_is compléte inhibitioﬁ of
prey killing in both Ca®" -free ASW»and 18, and 20 mM Ca®-
containing ASW. ‘Maximum prey-kilLing and ingestion occur
over the range of 10mM to 16mM Ca®* (Figure 9). Natural sea

water| normally contains about 10mM free Ca®'.
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‘ Y'ﬁe‘:l.“ative'v% of Controls -~ .-
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+T0tal Nlled

.iFlgure 9 Ca“ Dés

_R_sponse Curve : Theféfﬁectﬁ[ﬁ
of varlous concentratlons (0, 5;“1, 2, 4,5§J

17,8, 10, 12, 14, 16, 18, wha 20mM) of

‘;extracellular Cca? ,1n prey 1ngestlon and prey
fcapture Was determlned “The: experlmental and
~control (C-2)° anemones were incubated in
,vextracellular Ca®* with 83%1 shrimp for 30 mlnfh
"lat room temperature ‘The data suggested that_"
,,fextracellular ca® were. 1nvolved in prey , o
| ingestion and prey capture ' The ‘Maximum prey’
ff;capture and 1ngestlon occurred at lemM ca?

| but complete 1nh1b1tlon was observed at 0, 18
'”,l,and 20mM Ca””;”' g AL T
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Effects of Specific Cnidocyte
Supporting Cell Complexes
Inhibitors in the Presence

of Various Extracellular
© Ca® Concentrations

;ndifferenﬁiextrécélluiér Ca%fconcentratiohs prey

1g and ingestion were determined in the presence of
‘different CSCCs inhibitors. 107° M amiloride, which
_té Types Bvand C CSCCS and leaves Typé A CSCCs was

1, 107 M Tetrodotoxin, which blocks Types A and B

and 1eavés Types Cs was examined. 107*M streptomycin,
blocks Type A CSCCs and leaves Type B and C CSCCs,

 so used. In the presence of amiloride or TTX, the
rement of Type A and C CSCCs respectively can be. 

-1ly determined. The involvement of Type B&CSCCs_was
sted by subtracting the results in the presence of TTX
/pe C CSCCs) from the results in the presence of
—omycin (ie combined Type B and C CSCCs) . Thé results
:e’lO)‘indicated that Type A CSCCs appears mést

red in prey killing at L0wer Cca’" level, being

111y active at 1mM Ca®* and maximal action at 4mM ca?.
>+ concentration above 4mM, the involvement of Type A
gradually declines. On‘the‘other hand, both Type Bs

/pe Cs gradually displayed increased prey killing
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péaks at 16‘mM‘Ca2+ andbthehJabruptiy deéline to
te‘ihhibitionrat 18mM Ca®". _Althéugh,vape'é CSCCS

to be involved at 2mM‘éa%;‘TYpe Bs‘dd not become

ed until 4 or 6mM Ca%'leveis.- While Type A CSCCs
1iﬁaté below 6mM ca?*, Type C CSCCs predominate at 
trations above 6mM Ca’". ,Sumﬁihg individual CSCCs
bution at each Cam'concéntraﬁipns,yields a COmbined
)Se—respohse curvev(Figure 10) that showed

ssively increased kiliing with a'maximum attained at
a?’and the£idf$§§iﬁg7precipitously at slightly higher
tratiqn; Although»thé-géheral features of this | |
a” dQse—fesponse‘ﬁétéh«those of the.combined dose-
Se:in Figuré 9; thé plétéau of”maximum‘killingrfrom
16 mM Caé'in thé.combineddeée response is lacking in
ummed"\déSe—response andbthe steepness ofvthe

dr dose—response were at lower Ca%'concentration.‘ It

s than third ofithe combined curve.
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‘hkFigure‘lO Effect of Inhlbltors 1n the Presencec“
~of ca?*. The 1nh1b1tory effect. of Amllorlde :

(inhibits Types B and C CSCCS), Tetrodotox1n o

~(inhibits Types A.and B CSCCs), and

Streptomycin (1nh1b1ts Type A CSCCs) were

‘examined in the presence of- varlous .
concentrations of Ca** (0, 1, 2, 4, 6, 7, 8,
10, 12, 14, 16, 17, 18 and 20mM). The four
“graphs represent Ca mM w1th no 1nh1b1torsi
'(dlamond ¢), TTX in ca* “(triangle A), ‘

Amllorlde in ca?* mM (square .) , and calculated
"VType B CSCCs effect in the presence of ca?* '

(c1rcle 0) The calculated B CSCCs ‘was

.xfobtalned by subtractlng the TTX data from

.ﬂ“Streptomy01n”data (Streptomy01n in Ca TTXhH
| in ca®).  That is (TypeS B+C csces — Type c
l’CSCCs) TRV
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The Abrupt Decline 1n High
Ca?" Levels is Due to
Intracellular
‘Effect
~The inhibition of prey killing in higﬁ levels of“
extraceliuiar Ca%'was,inVestigated; If the effect»ié due
to an‘intracellularbéffeét of‘influxing Ca2+ then, BAPTAM—‘V‘
i'AM/ é‘membrahe'permeant‘fOrm Of BA?TA should chelate
intracellular Cé%'and block‘its ihtraceilﬁlarvéffect,v
‘ Thus,‘BAPTA—AM shouid increaseukilling at inhibitingvlevel
of ext?adeilular,Caﬁ'(eg 18mM) . If extrééellular Ca%;acts
‘electrégeniéaliy, then intracellﬁlar BAPTA-AM should haVei.
'no effectvon kiiling: Thevexperimental attempt to‘fescue‘
‘anémoné killing frdm thé inhibitbry efféct of 18mM Ca2+
aéting:intiacellulafly was confirmed with intracellular
»BAPTA;AM increasing:pr¢y kiilihg by nearly‘40—fold’overif
’high Ca%'iﬂhibited}éént:ols'and_ingestion“approximatély 60—

fold (Figure 11).
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Table 5: Statistical Analyéis of BAPTA-AM and A23187.

Case N Mean SFd'. Error P
) Deviation )
v v . Mean
??EA Exp 10 | 59.20 2.15 0.68 | o o1
Control |10 | 0.90 . 0.88 0.28 )
Ingested
?_2‘;;% Exp | 10| 61.60 |  2.12 0.67 | .o 001
'KillLd Control | 10| 1.60 0.97 0.31 ,
21"23;87 Exp | 10| 38.30 2.41 0.76 | _o o1
: Control | 10| 68.10 | 1.10 0.35 )
Ingested » ,
ﬁ::mlam Exp 10 | 46.30 2.16 0.68 | 5 001 |
. Control | 10| 73.10 1.91 0.61 :
Killed | .

The results show that BAPTA-AM blocked the
inhibitory effect of 18mM Ca’" on prey capture.
A23183 inhibited prey capture at the peak of prey
killing (16mM Ca®"). There is a significant
difference (p<0.001) in prey capture between the
control and BAPTA-AM treated anemones. Also
A23187 and its controls showed significant
difference of p<0.001.

If an abrupt decrease of prey killing at high ca?t

levels is due to an intracellular effect of Ca?', but not

due to an electrogenicveffect of entering ca?*, then the non

electrogenic calcium ionophore, A23187 should cause a

decrease in killing and .ingestion at 16mM ca?*. 1In fact,

A23187 deéreased peak values for prey killihg and ingestion

at 16mM in controls by 27% and 30%, respectively (Figure

12).
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45

Figure 11: 3.3 x 10°° M BAPTA-AM and 18 mM Ca®'.
Effects of BAPTA.AM on high Ca®*' level

The inhibition of ingestion and
prey capture by BAPTA.AM suggested that
BAPTA.AM blocked the inhibiting effect of 18mM
Ca’* on prey killing and ingestion (see
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' CHAPTER FOUR

DISCUSSION

Cne of the maln goals of th1s study was to determlne o

h;the relatlve extent to whlch each of the three Types of

cscc

by H.

A,‘B/‘and C) contrlbutejtoaprey klllrngvand_;ngestron»dh

luciae. To accomplish’thisegoal [it isynecessaryhto“”"

7festimate the relatlve proportlons of the dlfferent Types of,

vcscc.

1n~the tentacle_of‘H‘;luciae The dlfferent Types of

_CSCC‘areifnnctional1yddistinguished rather_than‘”"‘

morph

funct

‘csces|

L!relat
~in thy
”exten
H“iftrlég
r;solel
vd:disch
‘Qstimu
pdi$§h

chemo

" non-v

jlogically defined.v'Thns, it is on the basis of
ionaikdifferences;that-thehreiativoqproportionsdofr‘T
inethecaneﬁone_tentaciesmustibe established}hsThehdwf
ive. proportlons of dlfferent functlonaliy matnre CSCCs
e feedlng tentacles can be estlmated from the measuredf
t-of.nematocyst-discharge under optimal condrtions for
erlng each Type Discharoe from Type'CdC$CCShis“

Y dependent upon phys1ca1 contact TContact triggered‘r
arQevln the absence of other chemlcal and v1bratlonal
11 only occurs from Type c CSCCS‘ Type B CSCCS
argebonly in the presence of a predlspOS1ng r
Sensrtazer,1snch_as.N—acetylated sugars'ln-responsehto

ibrating mechanical‘contactg'_TypefA“CSCCSbare'
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: :dlStanUlShed from Type B and C CSCCs by thelr requlrement.

',“for spec1flc v1bratlon frequenc1es to e11C1t dlscharge

N The’total number‘of”CSCCs_perltentaCIe“in HﬂtluCiaer

jhave heen_estimatedtattahoute4l)QOO (Watson and Hessinger,

1994) |-

ratio

NematOCyst dischargeustudies, suggest that thef‘

‘Ofnype‘Brto 6; is7l£1;;.Tn'the’case_of'TYpeyAﬁCSCCS,'

'however,‘the~situation_isfcomplicated byvthe possible

eXistencefof.four different,vibration-specific sub—typesl-

'1each Wlth characterlstlc optlmal dlscharge frequenc1es at

”T5 15,-0 and 40 Hz (Watson and Hess1nger,-l989);- If these_

"spec1f1c v1bratlona1 optlma characterlze dlStlnCt sub-

_populatlons of Type A CSCCs then the ratlo of Type A B: C“j

scsccS

ls 4:1:1. 'If' however, the four dlfferent

v1bratlonal optlma represent four functlonal states of a

-51ngle populatlon of Type’A then the ratlo of Type A B: Cﬁl

Cis 1:

:ratio
jéppro
T&pei
RY 10 ~

_Qnuth

1;l,?:

’fPhe results of th,ﬁpreSent study 1nd1cate that the -

of prey kllllng from Type A B iand C CSCCs 1s

ilmately 1: :2: 4 Contrary to the orlglnal hypothes1s
R CSCCs used for capture of Artemla nauplll are elther;
?r“1/40,that of_therr numerlcal occurrence, dependlng

e:relatiVe‘proportion‘of Type'A CSCCs to othernypes,




.in the tentacles. _Thﬁs;adiséharge,from Typé_C CsCCs

‘ptedominate in the'capture5valivé'Artemia‘by H. luciae

~under

csces

‘thé:conditidnﬁbf:the présent experimentg, Type B

are emplOyed_about'haifvas7much as Type C CSCCs, with ,

o Type AiCSCCsbthe:leastjgmployed; :

‘ The'uneXpectedly'highvinVolvement'of Typé C'CSCCs‘iﬁ.

the capture and'killing ¢f.Artémia‘nauplii may be due to

thevfact>that the’surfaCé_of_the nauplii is chitin, a very

insoluble form of polymerized N-acetylated sugars. The

;j extreme'insdlubilityio§;Chitin makes it poor for

SEimulating thewpfiﬁéryﬂ¢hémpﬁ§péppors‘that regulates the

sensit
other
solubl

fish,

ization of Type A and B CSCCs. It is possible that
Types of@CSCCsinu%qureﬁgmipéte for prey_with moré»
Le surfacevmblecules,fsuéhfas the mucins of small

Which abound in cbnjﬁgatéd’N—acétylated sugars.

' QType;A'CSCCs Qtilizé;méphaniCally gated ion channels .

'loéated'a£ the tip.Qﬁ,héir_bundles?(Watsoﬁ and Hessinger/_> 

1994) |

The chgnnéls are-éensiﬁive tb'vibrating stimuli at-“

!Various frequencies.(WatSGhiénanire;'1999); ‘Vibration_‘

from s;w1mm1ng pre'y” ijr’.esuma‘bly‘ open fhe 'IfleChanicaily'—.gat_ed'

 ion Channels}  Stréptomycinﬁ'anfaminoglyCoside-antibiotic

’1>b10ck$<i@fluxvof ions thrgugh_this;mechanically—gated ion




channels and thué inhibits prey,killing in Hydra (Wiléy,'
l968; Gitter and Thurm( 1993). HStreptomyCin'also blocké
nematocyst discharge from TypeiA CSCCS, but not from Type B
or C CSCCS iﬁ H. luciaéi(Watsoﬁiaﬁd Hessinger, 1994). If,
in fact, streptomycin‘affécﬁs‘ne@atbé§st discharge through
this meéhanically;éated idn‘éhannel, it Would be exﬁected
that there would be iﬁhibiﬁion of preybkilling from Typé A
CSCCs |in anemones treated with streptomycin. Indeed there
was a 12.5% deérease in préy killing. This implied that

Type A CSCCs contributed to 12.5% of prey killing. There

was no significant difference between the inhibition of

prey killing by proline or by streptomycin (p>0.05).
Proline selectively tuné NANA stimulated:Type A CSCCs to
frequéncies higher than that of swimming.Artemia nauplii
(Watson and Hessinger, 1994) and therefore, woula be

expected to block killing by Type A.

Each‘of the three Types of CSCCS requires
extracellﬁlar Ca%‘(Watson and Hessinger, 1994) for
hematﬁcyst diséharge. Based upon the published stUdieS,

- which indicate that only Type B CSCCs use dihydropyridine—
sensitive L-Type Ca®?" channels (Watson and Hessinger, 1994).

Nematocyst discharge from Type B CSCCs was inhibited with
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the Cé%'channel agonist, Bay K 8664‘and:métho%YVerapamil
(Thorington and Hessinger( 1998). In the present study,
prey qapture wés‘blocked from Typé B CSCCs with Bay K 8664
and methoxyverapémil. Thefinhibitioh of prey capture from -
Type B:CSCCS,-indicate that Ca%'channels are indeed
involved in H. luéiae prey>killing. Type B CSCCs are the
.leasﬁ invoived in‘préy capture compared to Type C>CSCCS,
the increase and/or decrease in Ca®" éhannel sensitization
may account for‘this observation. Indeed, extracelluiar
Ca2+ is required for both live prey killing and ingestion
(Figure_9).‘ Whilé’kiiliné and ingestion require Ca?' at

lower |Ca?’

concentrations, Ca?* levels above 16mM

dramaﬂically'inhibited killing and ingestion. The abrupt

[ .
fall-off of killing at higher extracellular Ca?" levels with
or without Ca?' channels were determined. Anemones were

treated with A23187, a Ca?' ionophore and decrease in prey

- killing and ingestion was observed. This result confirmed

that extracellular Ca?' is involved in prey capture.

Extracellular Ca’" levels seem to affect the three
Types‘of CSCCs differently. The normal ca?" levels in

naturadl seawater is 10 mM. Reduction of Ca*?" level below

the normal seawater level decreases prey killing along a -
i ; , .

|
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te inhibition of discharge (Figure, 10). However,

tent to which increases or decreases affect. =

erbollc up to lOmM Ca y whlle all concentratlons ;

r”than(lOmM:cause.complete Whileualljccncentrations

ngtcnfandeessinger} 1992){:[
'he studies on:prey capture“hy Hﬂfluciae,didﬁnct"
te whlch CSCC type is 1nvolved and at what

tratlons of extracellular Ca To accompllsh thlS

SCC type was 1nh1b1ted at dlfferent levels of

ious Ca concentratlons Type A CSCCS are
Llnantly actlve 1n prey kllllng at lower levels of Ca

g at 4mM Ca2+ and gradually decllnlng at 18mM Ca

from O to 4mM but gradually 1ncreased kllllng and

' sigmoidal dose response, while increases above 16mM cause

cyst discharge depends onhthenspeCies*of’anemoneff o
aﬁple,jiﬁ:NANA;seﬁsitized;A;'ballida/ftheieffect of

ellular Ca%:on nematocyst dlscharge from Type B CSCCs‘i

r than 10mM cause complete inhibition of discharge

ellular Ca ‘ These results 1nd1cated that prey ,v.ﬁ

g by each CSCCs Type is 1ndeed affected dlfferently

2+5

CSCCs are not 1nvolved 1n prey kllllng at lower Ca

| at l6mM Ca2+ only to abruptly drop at 18mM Ca ' On“‘



“the other hand Type C‘CCCCs‘are actlve in- prey kllllng

zbeglnnlng at lmM Ca and gradually 1ncrea51ng w1th
dlscharge peak at 16mM and, then abruptly decllnlng at 18mM

‘Ca%] »Thus,»there arerslgnrflcant dlfferences in the

'; responsrveness of the three Types of.CSCCs to varloush’

ievels of extraceilular Ca‘ anhe”different response.of the

thCSCCs to extraoeliniar ca?t maytsuggest either’different dy.

transcMctlon pathways 1nvolved 1n the control of nematocyst

'Tﬁdlscharge and prey kllllng or may 1nd1cate the 1nvolvement

~of dlfferent klnds of Ca ohannels;>>
xStimulation of receptors&for.Nfaoetylated_sugars.‘
‘SenSitizesanenatoeyst‘dischargedthronghﬂanpadenyiyl '
"'cyoiaseroAM?¥SigﬁéliﬁQibathways}(Watson anthessinger,‘
-1992; Czacmalci 2601);, Ch1t1n in the snrface of.crustaceanﬁ
,kpreyf polymerlzed N‘acetylgalactosamlne “ Theylevel of
dektratellular Ca%“affects the ablllty of N acetylated
sugars to sensltlze and desen51tlze nematocyst dlschargeiﬁ
zfroﬁfﬂype A and B CSCCs " In A palllda, abrupt 1nh1b1tlon,r
‘ofﬁnenatocyst dlscharge was observed at hlgh Ca%'levels:
"thhorjngton and Hess1nger;.l988b)¢-;In,H; 1uc1ae, abruptyw
'dlnhlbjtlon of prey kllllng was observed at. hlgh Ca (16Mtoh

h18mM‘Ca3,HF1gureb9). Is the sudden drop of prey kllllng at‘
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“the h1gh3ca%'conCentrationsvdue”tc electrogenic or second

‘messenger effects of Ca”ﬁ

1yif the abrupt decllne-fn prey kllilng by H‘ luc1ae :"
fobserved at l8mM Ca”ils due to an 1ncrease in 1ntracellu1ar"
v’vca%f, then'Ca‘;‘p0551bly, BAPTA AM a membrane permeant
';¢ai¢iuﬁ.ché1a£¢£) should block the 1nh1b1tory effect of
~h-high extracellular Ca%land thus, 1ncrease prey kllllng In
'_baddltrcn, A23187 abcalcrum-lonophore, whlch‘fac1lltateS"
'.Cé%fentry Wlthout affectlng the membrane potentlai‘ éhouid'
1nh1b1t prey kllllng at l6mM Ca ;fwhich is the peak cf:prey
'kllllng for Type B and C CSCCS Indeed, BAPTA—AM biocked.
the 1nh1b1tory effect at 18mM Ca andisignificantly
1ncreased prey kllllng (Flgure 12) ,Likemise, at i6mM~Ca2+
“A23l87 1nh1b1ted prey kllllng.v The present study suggests
.'that the 1nh1b1tlon of prey kllllng by hlgh levels of |
‘eXtracellularacalc1um‘1s medlated by some_lntracellularu -
‘effect of catbium. |
Such an effectfcfincreased_intracelluiar calcium may‘
ainvolye»actfvation cf calmodulin‘and consequentvstimulaticn
of‘cAMP spe01flc phosphodresterase -This activaticn woulcv
:iower AMP levels in NANA sen51tlzed CSCCs and thereby

desen31tlze nematocyst discharge and effectlvely inhibit
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prey capture. Whilevother calcium—mediated‘inhibitory
effects are possible, calmodulin is likely involved as W-7,
aﬁcalmodulin inhibitor, sensitizes nematocyst~discharge in

H. luciae (Thibodeaux—Miré‘and Watson, 1994) .
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CHAPTER FIVE

 CONCLUSION =~

| The p£esethstﬁdy ha$ establishedisevéﬁél'lines.bf*'

evidence'indicating'that‘thrEe‘TYpes of"CSCCs are involvéd”‘_

in Ar

© csces

teﬁiafﬂauplii killing bvaéliplenéliaiiuciaé; ;Type-C

|are most involved in prey captufeiandaTypé AtCSCCs5~.” 

are the leastjinVOlved.f In addition, extrécéllular Ca? is 

- requi

.and‘C

ca® (i.e. >16mM) Ca®

 thatj
infiu
the f
:‘The jo
"éf pr

recep

red for anemOnefprey killing at l¢w andﬁﬁorma1.leve1s,
a’t fﬁnétibhs{aé‘a;Secphd‘me5sengér}f At-highflévéIS-Of

2+

ié;ihhibi;d?y4 :EXperiment§ iﬁai¢aﬁé
thé iﬁhibiﬁéf&ié&f%?ﬁ?iégwﬁ%gﬁ Ca”'éfé:due‘£o;"

*xing Cqé?: Fﬁ%££é¥;§§€aie§:éie réquiréd-tb'inveséigété'
ﬁncﬁioﬁé¥9f ééﬁi%;:iéﬁéfiéoﬁCeﬁtfaﬁiOné.(i!é, ?iO mﬁ).
aséibiiity:thétTYpé*c ¢scc§-mayiﬁévé,additioﬁgljméansw
ankilling5éside$,the'§hemiéai aépendedlébnﬁact   . ‘

tdr pathWay alsO7Wértéﬁts_furthér5invéStigation;;A
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