
ABSTRACT

Santford Vance Overton. STRUCTURE AND DEVELOPMENT OF
Haliphthoros milfordenáis Vishniac. (Under the direction of
Dr. Charles E. Bland), Dé'partment of Biology, Octoher, 1979-

Light and electron microscope observations were made of

zoospore structure, encystment, germination and cleavage in

two strains of Haliphthoros milfordensis isolated from gills

of the v/hite shrimp, Penaeus setiferus, and from the American

lobster, Homarus am.ericanus. Also studied were infection of

the brine shrimp, Artemia salina, by H. milfordensis, develop-

ment of the fungus in the host, and host-parasite interaction.

Zoospores of H. milfordensis possess tv/o subapicaliy

attached flagella (anterior tinsel, posterior whiplash) as

characteristic of the class Oomycetes. Spore encystment begin

v/ith flagellar retraction and roundlng-up of the spore, and

ends with formation of a spined, trl-laminate wall. Cyst

germination is typical of the class and occurs via fracturing

of the spined wall. Spcrogenesis is holocarplc but unusual

in that spore cleavage is sequential, beginning in the

sporangium and ending in the discharge tube. Cleavage is

initiated by the coalescing/fusion of vacuoles resulting in

cleavage furrows. This is accomplished by separation of cyto-

plasm from the cell wall due to coalescence of vesicles along

the wall. As vacuolar fusion continues, distinct, uninucleate

spore initials becom.e recognizable. Diarir.g infection of



A. salina, zoospores of H. milfordensis readily encyst on the

exoskeleton of larvae. This is followed hy germination,

penetration of the exoskeleton hy young vegetative hyphae,

and growth through the epidermis into the body cavity. An

electron-dense material is produced at the host-parasite inter-

face and is likely a response of the shrimp to infection with

H. milfordensis. Histolytic activity by the fungus is evident

by the numerous vesicles released into the host cytoplasm and

by the apparent dissolution of host cytoplasm along the

growing hyphal tips. Encapsulation of the fungus by the host

is observed occasionally.
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ABBREVIATIONS

B - baeterium Gt - germ tube

C - erown area H - histolysis

Cb - eolled body K - kinetosome

Ce - eentriole L - lipid

et - eytoplasmie thread M - mitochondrion

CW - eyst wall MCV - multiveslcular complex

Cw - eell wall N - nucleus

cwV - eell wall vesiele Nb - nuclear beak

De - dense eonneetion No - nucleolus

dt - discharge tube Pb - phospholipid body

Dy - dictyosome Pm - plasma membrane

E - exoskeleton R - rootlet

Em - epidermal membrane RER - rough endoplasraic reticulum

En - encapsulation S - spore

Ep - epidermis sfV - scalloped fringe vesicle

ER - endoplasmic reticulum Si - spore initial

EWS - early wall separation Sm - spore mass

F - flagellum Sr - striated rootlet

fp - flimmer packet SS - striated spine

Fn - retracted flagellum Tp - teririinal plate

Ft - tinsel flagellum V - vacuole

FV - fibrous vesicle V - vesicle

Fv/ - whiplash flagellum Vh - vegetative hyphae

G - gut VJ - hyphal wall

G1 - gut lining ws - v/all separation



INTRODUCTION

The fungus, Halinhthoros milfordensis Vishniac (1958),

isolated from ova and emb'ryos of the oyster drill, Urosalpinx

cinerea, was described as a holocarpic, filamentous, coenocy-

tic, marine phycomycete having laterally biflagellate and

monomorphic planonts. From physiological tests, Vishniac

established that H. milfordensis was obligately marine but

euryhaline. She further established that it was capable of
r

parasitism and placed it in the order Saprolegniales and in

the new family, Haliphthoraceae. Since its discovery, H.

milfordensis has been collected from ova and larvae of several

marine crustácea (Sparrow, 197^) as well as from the surface

of the alga, Enteromornha sp. (Fuller, Fowles and McLaughlin,

1964). Strains of H. milfordensis have been shown also to

cause tissue destruction and interfere with ecdysis in the

American lobster, Homarus americanus (Fisher, Nilson and

Shleser, 1975)- Similar pathology has been observed by the

same investigators for the European lobster, Homarus gammarus.

Large numibers of the lobster larvae maintained in closed

system aquaria were killed by the fungus.

Taxonomically, Haliphthoros was separated fromi the genus

Lagenidiuro by Vishniac (1958) since cleavage is endogenous,

even though planonts of the genus were described as laterally

biflagellate and monoplanetic. Dick (1973) likewise, placed

H. m.ilfordensis in the order Saprolegniales. However, Sparrow
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(1973t>) placed it in the order Lagenidiales due to its frag-

mentation into subthalli and its unusual form of holocarpy.

Based on observations of an Isolate (#2) of Haliuhthoros.

Tharp and Bland (1977) agreed with Sparrow's (1976) assessment

that H. milfordensis should be placed in the order Lagenidiales

and probably in the family Sirolpidiaceae. Because none of

the previous studies of H. milfordensis detailed the structure

of the sexual reproductive apparatus or sequence of sporo-

genesis, one can see why the taxonomic position of the fungus

is in dispute.

In describing the morphology of H. milfordensis, Vishniac

(1958) reported that the thallus consists of somevmat irregular

highly vacuolate, branched hyphae. Other features included

the formation of gemmae, fragmentation of thalli, the for-

mation of monoplanetic laterally biflagellate zoospores and

the formation of long, specialized discharge tubes. Fuller

et al. (1964), likewise, described their Isolate as having

a highly vacuolate thallus capable of forming multlnucleate

fractions.

Sparrow's (1974) study of H. milfordensis established

the fact that zoospore formation occurs sequentially rather

than simultaneously throughout the entire subthallus. This

pattern. Sparrow believed, was a unique form of holocarpy.

In addition. Sparrow noted that cleavage of zoospores began

at the distal poles of the cylindrical subthallus, producing
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somewhat angular individuals which escaped through long slender

discharge tubes. He also observed repeated emergence of

zoospores from the spore cysts.

Tharp and Bland (1977) supported their claim concerning

the lagenidiaceous affinities of H. milfordensis in that their

isolate differed from previously described strains (Vishniac,

1958; Fuller et al., 1964; Sparrow, 1974). They determined

that the zoospores are polymorphic, capable of repeated

emergence, and have apical to subaplcal attachment of flagella

in a lateral groove as is characteristic of secondary zoospores.

The discharge apparatus of H. rnilfordensis was described by

Tharp (1977) to be similar to that of the genera Atkinsiella

(Sparrow, 1973a)f Olnidionsis, Petersenia, Sirolridium and

Pontisma (Sparrow, i960), all non vesicle-forming members of

the order Lagenidiales. Only in the genus Lentolegniella,

order Saprolegnlales, is the discharge apparatus similar to

that of H. milfordensis■ The thallus of H. milfordensis is

characteristically lagenidiaceous as evident by the simila-

rities between the thallus of H. milfordensis and that of

Lagenidium callinectes (Bland and Amerson, 1973ti). Also,

the thallus of H. milfordensis fragments in a fashion similar

■to Sirolnidium bryorsidis and Pontisma (Sparrow, i960) both

members of the order Lagenidiales. The spines observed by

Tharp and Bland on the spore cysts of H. milfordensis have not

been reported for any member of the Lagenidiales but are



believed by Tharp (197?) to be basically similar to those

described for Dictyuchus sterile (Heath and Greenwood, 1970)

and Sanrolegnia parasitica (Meier and Webster, 195^)» both

members of the order Saprolegniales.

The purpose of the present study v/as to investigate the

pattern of sporogenesis and the fine structure of encysting

and germinating spores of two strains of H. milfordensis

isolated from gills of the white shrimp, Penaeus setiferus

and from the American lobster, Homarus americanus. Also, a

detailed ultrastructural analysis of the mechanism and

sequence of infection of brine shrimp (Artem.ia salina ) by

H. milfordensis and descriptions of fungal development and

host-parasite interaction were made. Results of this invest

gation have helped to clarify the taxonomic position of this

fungus and have provided clues to its possible control in

aquaculture.



LITERATURE REVIEW

Life History;

The asexual life history proposed by Tharp and Bland (1977)
for Haliphthoros milfordensis may be summarized as follows:

Zoospores, the infective agents of the fungus, may remain

motile up to 72 hours after release from the sporangium. Upon

contact with a host, they retract and/or lose their flagella,

become spherical and form an adhesive cyst v/all. Vegetative

growth begins via germination of encysted spores. The germ

tubes penetrate the host and enlarge to form young vegetative

hyphae. Branching and fragmentation of the thallus into sub-

thalli begins during vegetative growth and continues until

host cytoplasm has been consumed by the fungus. Conversion of

the vegetative thallus into asexual spores is initiated by

nutrient depletion. Sporogenic units form via cytoplasmic

constriction and occasionally through the formation of septa.

As cytoplasm is cleaved into biflagellate zoospores, slender

discharge tubes of varying shapes and lengths grow out from

developing sporangia and continue until they penetrate the

surface of the host. Zoospore formation is sequential, begin-

ning at the distal ends of the sporangium and continuing to

the tip of the discharge tube. Spore discharge occurs shortly

after cleavage of the most distally located spore. Individual'

spores are released rapidly through the discharge tube with
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over loo spores being discharged in 20 to 30 seconds. Even-

tually, all remaining portions of the vegetative thallus become

sporogenic.

Zoospore ;

Ultrastructural features of both the kinetosome and

flagellum of H. milfordensis appear siniilar to those of other

oomycetous zoospores (Tharp, 19?6). The arrangement of the two

kinetosomes, lying at a 130° angle to each other, corresponds

closely to that of Pythium proliferumi (Lunney and Bland, 1976)

and Aphanomyces euteiches (Hoch and Mitchell, 1976). In these

organisms the kinetosomes are closely associated with the

beaked portion of the nucleus. In both H. m-i Ifordensis (Tharp,

1976) and P. proliferum (Lunney and Bland, 1976), the terminal

plate is surrounded by an electron-dense ring of material

which connects it to the plasmalemma. Immediately above the

terminal plate is a coiled, electron-opaOj^ue structure which

consists of 8-10 stacked subunits or fibers. In A. euteiches

(Hoch and Mitchell, 1972), this structure appears as two

separate units, each consisting of several stacked subunits.

Colled fibers have been noticed in Saprolegnia (Heath and

Greenwood, 1970) and also in the alga Ochrom.onas (Bouck, 1971);

however, in the latter they consist of subunits.

According to Tharp (1976), rootlet arrangement in H.

milfordensis appears similar to the one long, one short



?

configuration seen in Lagenidium callinectes (Bland and Amerson,

1973a)* An interconnecting fiber, similar to that described for

Phytophthora parasitica occurs between the two kinetosomes of

K. milfordensis zoospores (Tharp, 1976). In P. proliferum

(Lunney and Bland, 1976) and A. euteiches (Hoch and Mitchell,

1972), there is a striated rootlet connecting the two kineto-

somes. In H. milfordensis (Tharp, 1976) and many other

oomycetous zoospores, microtubule complexes occur both as per-

pendicular ari'ays from the long rootlet and as extensions from

the kinetosomes to the nuclear beak.

The zoospores of H. milfordensis have an anteriorly directed

tinsel and a posteriorly directed whiplash flagellum. Tharp

(1976) described the longer whiplash flagellum of H. milfordensis

as covered with fine, lateral hairs similar to those described

previously for Phytophthora palmivora (Desjardins, Zentmeyer

and Reynolds, I969) and P. parasitica (Reichle, 1-969)* The

m^astigonemes in the shorter tinsel flagellum of H. milfordensis

(Tharp, 1976) are similar to those described for several other

fungi (Reichle, 1969; Desjardins et al., 1969; Heath and

Gr'eenwood, 1970; Bouck, 1971; Hoch and Mitchell, 1972; Bland

and Amerson, 1973a; Gotelli, 197^; Lunney and Bland, 1976 and

Schnepf et al., 1978b). Bouck (1971) suggested thar the

mastigonemes are formed within cisternae of the rough endo-

plasmic reticulum (RER). According to Schnepf et al. (1978b),

the mastigonemes are formed in bundles within the cisternae of
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the endoplasmic reticulum (ER) which always are closely asso-

elated with a mitochondrion. In H. milfordensis (Tharp, 1976),

such packets of presumptive mastigonemes were not observed until

late encystment. Hov/ever, the absence of these packets in

actively sv/imming spores of H. milfordensis does not preclude

the possibility that they may exist during sporogenesls and

in fact give rise to the mastigonemes.

In zoospores of P. parasitica (Relchle, I969)» A. euteiches

(Hoch and Mitchell, 1972) and P. proliferum (Lunney and Bland,

1976), all saprolegniaceous freshwater fungi, an internal

groove area has been described that generally lacks ribosomes,

mitochondria and RER; however, this area does contain numerous

vesicles and usually one contractile vacuole. In contrast, a

distinct groove area has been described neither in zoospores

of H. milfordensis (Tharp, 1976) nor in another marine fungus,

îi* callinectes (Bland and Amerson, 1973a)* Also, the fact that

H. milfordensis is obligately marine may be associated with the

absence of an internal contractile apparatus (Tharp, 1976).

Previous studies of biflagellate zoospores shov/ed the

mitochondria to be arranged generally around the periphery of

the zoospore. However, in H. milfordensis (Tharp, 1976),

they are positioned anteriorly around the nucleus and are often

associated with RER. Lunney and Bland (1976) observed a

similar RER-mitochondrial association in P. proliferum.

Unlike previous studies (Ho et al., I9685 Hohl and

Hamamioto, 1967; Hoch and Mitchell, 1972 and Lunney and Bland,
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1976) describing the RER as occurring in abundant concentric

layers near or around the nucleus, Tharp (1976) described the

RER of H. milfordensis zoospores as sparse and swollen with a

scattered arrangement more like that described by Bland and

Amerson (1973a) for zoospores of L. callinectes.

Of the five vesicle types observed by Tharp (1976) in

zoospores of H. milfordensis only three are similar to the five

major vesicle types described by Lunney and Bland (1976) for

aquatic fungi. These include peripheral vesicles (type A),

electron dense phospholipid bodies and cell wall vesicles.

The two remaining vesicles observed by Tharp (1976), type B

and type C, are not similar to any described previously. Both

H. milfordensis (Tharp, 1976) and L. callinectes (Bland and

Amerson, 1973a) lack the "flattened vesicles" and microbodies

described by Lunney and Bland (1976). This may be another

modification of marine zoospores.

Encystment;

Encystment of H. milfordensis zoospores (Tharp, 1976) is

similar to that described for P. oarasitica by Hemmes and Hohl

(1971)• The first stage involves the retraction and/or casting

off of flagella, and the release of adhesive fibrous material

from peripheral vesicles. Also, adhesion of zoospores to

solid substrate via material from peripheral vesicles was

described for zoospores of P. palmivora by Sing and Bartnicki-

Garcia (1975). These fibers released from peripheral vesicles
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may function in adhesion and in the formation of the external

cyst wall.

The second stage of encystment in H. milfordensis (Tharp,

1976) involves the rounding-up of the spore, the internal

rearrangement of organelles and the production of the cyst

wall. Release of wall material from peripheral vesicles occurs

simultaneously with rounding of the plasmalemma. Tharp (1976)

also observed the movement and modification of phospholipid

bodies in the second stage. These vesicles are only modified

during encystment; otherwise, they are dense and homogeneous.

The third stage of encystment described by Tharp (1976) is

characterized by the completely formed, spined cyst v/all, the

stable arrangement of Internal organelles, and complete modi-

fication of phospholipid bodies to empty scalloped fringe

vesicles. The spines occurring on the spore cysts of H.

milfordensis are believed by Tharp (1976) to be basically

similar to those described for Dictyuchus sterile (Heath and

Greenwood, 1970) and Saprolegnia parasitica (Meier and Webster,

195'^) • However, the method of spine production in H.

milfordensis is different. In H. mi Ifordensis (Tharp, 1976),

it appears that the spines are formed via the condensation of

fiber bundles in discrete areas around the internal cyst wall.

Germination;

The fine structural aspects of spore germ.ination have not

been observed in H. milfordensis. However, in P. proliferum
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(Lunney and Bland, 1976) the germ tube is initiated by an

accumulation of cell wall vesicles along the plasmalemma.

Subsequently, one of the daughter nuclei migrates into the tube

which has cytological features typical of the hyphae in the

species. In Pythium aphanidermaturn (Grove and Bracker, 1978),

the apex of the germ tube contains a cluster of granular Golgi

vesicles, as is characteristic of tip growing cells. The new

hyphal wall of P. aphanidermaturn is continuous with the inner

compact layer, or cyst wall, of the cyst envelope, but not with

the loosely organized cyst coat that remains as remnants on the

surface of the cyst. In addition, some of the mitochondrial

profiles are much longer than those found in previous stages.

Snorogenesis;

In H. mllfordensis (Tharp and Bland, 1977), the process

of sporogenesis may be divided into three clearly recognizable

stages. The first stage involves the formation of slender

discharge tubes and transition of the cytoplasm from, a highly

vacuolate vegetative condition to one of a less vacuolate

nature. Sporogenlc units form via cytoplasmic constriction

and occasionally through the formation of septa. In L.

callinectes (Gotelli, 197^), the first indication that zoosporo-

genesis has begun is the formation of septa which delimit

sporangia. The first stage in H. mllfordensis (Tharp and Bland,

1977) ends as the larger cytoplasmic vacuoles break into many

smaller vacuoles, giving the cytoplasm a more uniform appearance.
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The second stage described by Tharp and Bland (1977) is

marked by migration of vacuoles to the periphery where they

fuse with the plasmalemma. In A. euteiches, Hoch and Mitchell

(1975) observed similar fusion between the tonoplast of a

central vacuole and plasmalemma. With these fusions between

the vacuoles and plasmalemma in H. milfordensis (Tharp and

Bland, 1977). the sporogenic cytoplasm either shrinks or is

repelled from the hyphal wall and exists as a centrally located,

irregular mass of densely granulate, homogeneous cytoplasm.

It is also reported by Bland and Amerson (1973a) that zoospore

cleavage in L. callinectes occurs via a process of vacuolar

fusion. In H. milfordensis (Tharp and Bland, 1977). cleavage

furrows become evident in areas most distant from the discharge

tube. Schnepf et al. (1978b) observed in Lagenisma coscinodisci

the fusions of "cleavage cisternae" resulting in deep furrows

which eventually separate the cells. This is accompanied by

the formation of "separation vesicles" which lie between the

developing zoospores but later disintegrate.

The third stage of sporogenesls in H. miilfordensis (Tharp

and Bland, 1977) involves the delimitation and separation of

individual spores. This process is sequential, beginning at

the distal ends of the sporangium and continuing to the tip

of the discharge tube. Sporogenesls is completed as the last

spores are cleaved in the distal end of the discharge tube.

Cytoplasmic threads connecting discharging zoospores are
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occasionally present (Tharp and Bland, 1977)• In certain

species of Aphanomyces. Leptolegnla and Achlya, the discharge

units and/or spores are connected by cytoplasmic threads

(Coker, 1923; Couch, 1924). Bland and Amerson (1973a) suggested

that such connecting threads might function in cytoplasmic

discharge in L. callinectes. The threads that connect the .

pieces of flowing cytoplasm suggest the possibility that they

pull these into the yesicle of L. callinectes (Gotelli, 1974).

Howeyer, Gotelli (1974) suggests the possibility that the

threads are merely collapsed plasmalemm.a of the sporangium.

It is belieyed by Bland and Amerson (1973a) that in L.

callinectes the microtubules clustered about flagella during

cleayage later become the flagellar tinsels. Similar processes

inyolying packets of microtubules haye been reported in many

other fungi and algae (Bouck, 1972). Most authors now agree

that flagellar mastigonemes are formed from packets of micro-

tubules. The origin of the tubules in L. callinectes agrees

with other reports (Bouck, 19^9; Heath et al., 1970; Deason,

I97I; Leedale et al., 1970) that microtubule packets form

from the nuclear enyelope and/or ER. Schnepf et al. (1978b)

obseryed that the mastigonemes formed in bundles within the

cisternae of the ER which always are closely associated with

a mitochondrion.
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Infection and Host-Parasite Interaction;

The mechanism of infection together with a description of

fungal development and host-parasite interaction has not been

observed in H. milfordensis ; however, much is known about other

species.

Tactile movements of water mold spores in response to many

kinds of stimuli, including light, chemicals, physical surfaces,

electrical charges and electrical currents have been described

(Fuller, 1977)• A combination of stimuli has been shovm to

attract spores of Rozella allomyces, a parasite of another

water mold. In this case, a diffusible exudate from the hyphae

attracted the zoospores only to the hyphae and not to the

rhizoids (Held, 1974). The arrangement of cysts of the fungus

Coelomomyces osorophorae on larval cuticles of the mosquito

Culiseta inornata indicated that the spores tended to attach

to specific sites (Travland, 1978). In Ç. psorophorae, the

m.ajority of cysts være found on specific parts of the host's

body (head, intersegmental areas, around the bases of the anal

gills, and around the anus) which correlated with cuticular

textures (Travland, 1978).

In Phytophthora (Sing and Bartnicki-Garcia, 1975)*

Lap:enisma. and other fungi, the spore cyst adheres to the

substrate with a secreted amorphous material (Schnepf,

Deichgraber and Drebes, 1978a). Germination of the Lagenisma

cyst with the formation of the expulsion vacuole is similar
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in other fungi (Hess, 1973)* Growth of the infection tube with

the participation of Golgi apparatus derived apical vesicles

described by Schnepf et al. (I9?8a) also resembles that of

other fungi. In addition, the intracellularly growing hyphae

of Lagenisma observed by Schnepf et al. (1978a) have no cell

wall, except in the internal part of the infection tube. In

the crayfish, Astacus astacus (Nyhlen and Unestam, 1975).

penetration of the cuticle by the parasite, Aphanomyces astaci.

occurred in the soft cuticle. The zoospore lysed the surface

lipid layer, tore it away, and formed an infection peg (germ

tube) that penetrated through the epicuticle. In the endo-

cuticle, hyphae usually grew parallel to the surface and

occasionally perpendicular to it.

For Aphanomyces astaci, histolytic activity, combined with

mechanical penetration, seems to be evident in all stages of

infection of the crayfish, Astacus astacus. except in outward

penetration of the epicuticular lipid surface layer, where

only m.echanical rupture could be seen (Nyhlen and Unestam,

1975)* In the mycoparasltic relationship between Pythium

acanthicum and Phycomyces blakesleeanus, the mode of host pene-

tration by P. acanthicum appears to be both enzymatic and

mechanical (Hoch and Fuller, 1977). Mechanical penetration

occurred as the hyphal tip of P. acanthicum penetrated the host

wall and papilla. The wall and some of the papillar material

were pushed out and curved backward, away from the parasite.

Such curving back of enzymatically weakened host material



16

probably is the result of lateral growth of the hyphal apex of

the parasite (Hoch and Fuller, 1977)- In germinating spores

of the parasitic fungus Anhanomyces astaci. chitinase v/as

demonstrated by Soderhall et al. (1978) shortly before the

germ tube began to branch, in contrast to protease which was

present in both ungerminated and germinated spores. The time

of fungal penetration of the crayfish cuticle is correlated

with that of the in vitro production of chitinase (Soderhall

et al. , 1978).

A study of blood reactions in crayfish in response to

infection by A. astaci showed immediate attachment of blood

cells to the fungal wall surface followed by cellular encap-

sulation and induction of melanization on the hyphal surface

(Unestam and Nylund, 1972). The intense electron-dense areas

observed by Travland (1978) in the mosquito larva, Guliseta

inornata, in response to infection with penetration Of

Coelomomyces nsorophorae, may also be melanization. A similar

situation has been described also for infection of Chironomus

larvae by Beauveria (Gotz and Vey, 197^) and in abrasion of

the eplcuticle of Ç. inornate (Lal-Fook, I966).



MATERIALS AND METHODS

Organisms ;

The Isolate of Haliphthoros milfordensis (#2) used in

the study was obtained from excised gills and eyes of the

white shrimp, Penaeus setiferus. collected in the vicinity of

Beaufort, North. Carolina. This strain, one of four collected

during the summer of 197^ by Tharp and Bland (1977) was one

of tv/o used for the present study. The other, isolate (#222),

was isolated from the American lobster, Homarus americanus,

grown at the Bodega Marine Laboratory in Bodega Bay, California

Both isolates are maintained in the culture collection of

C. E. Bland at East Carolina University.

Culture ;

For sustained culture of H. milfordensis. optimum growth

was obtained in shrimp dextrose broth which was prepared by

autoclaving 7-10 headless adult penaeid shrimp in one lixer of

sea water (approximately 28 ppt salinity) to which two grams

of dextrose had been added. After sterilization, shrimp were

removed via straining through cheese cloth. The remaining

broth was dispensed in 50 ml aliquots into 125 inl erlenmeyer

flasks. These flasks were then sterilized for 20 minutes at

15 psi and 121 °C.
Propagation of broth cultures was via transfer of zoospore

Initially, broth cultures were started with zoospores obtained
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from hyphae scraped from agar cultures and grown-up in 50 ml

of shrimp broth in 125 ml erlenmeyer flasks on a mechanical

shaker (100 RPM). After 4-days growth, hyphae were collected

on sterile nylon filters and then placed in sterile sea water

which was changed after 20-24 hours. Within 36 hours, spore

production began and continued for several hours. Zoospores

obtained in this manner were used to inoculate new broth

cultures. Cultures were subsequently perpetuated via zoospores

obtained by collection of hyphae and initiation of zoosporo-

genesis as described previously. By use of the mechanical

shaker and this method of transfer, synchronous vegetative

development and sporulation of H. milfordensis was establj.shed.

In Vitro Studies ;

For electron microscopy, swimm.ing spores were obtained

from shaker cultures prepared as described previously. Encyst-

ment and germination were studied in spores which were collected

via centrifugation and subsequently placed in shrim.p dextrose

broth. For encystment, spores from individual flasks v/ere

collected at intervals of I5, 30 and 60 minutes. For fully

encysted spores and germination, samples were collected after

1 1/2 to 3 hours.

In Vivo Studies :

To study the mechanism of infection and the cytoplasmic

events occurring during sporogenesis, recently hatched larvae
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of Artemia salina. maintained in 15-20 ml of sea water in

Petri dishes, were exposed to approximately 300f000 zoospores

of H. milfordensis. After 48 hours, larvae exhibiting various

stages of infection and zoosporogenesis were observed via

light microscopy and/or processed for electron microscopy.

Light Microscopy;

Light microscope observations of living and fixed material

were made with a Zeiss WL microscope equipped with phase

contrast and interference contrast optics after Nomarski. For

fixation, specimens were either placed in jfo glutaraldehyde

or exposed to the fumes of 2% osmium tetroxide for approximately

five minutes. All photomicrographs were taken with a Nikon

AFM Microflex camera on either Kodak Panatomic X film or

Kodak SO 115 Technical Pan film.

Transmission Electron Microscopy;

Several fixation procedures were tested in the preparation

of specimens for electron m.lcroscopy, but only one yielded

consistently good results. This (a modification of one used

by Bland and Am.erson, 1973) involved the sequential fixation

of specimens in y/o glutaraldehyde and 2^ osmium tetroxide. For

this fixation, specimens were placed in yfo glutaraldehyde in

sea water for 15-30 minutes (pH« 7.2), v/ashed in four changes

of 0.2M sodium cacodylate buffer for one hour, and post-fixed

in sodium cacodylate-buffered 2^ osmium tetroxide for 15

minutes. After osmium fixation, specimens were washed in
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0.2iyi sodium cacodylate for 10 minutes and then dehydrated in

a graded ethanol series (15 minutes each) followed by propylene

oxide (2 changes of 15 minutes each). The specimens were

infiltrated overnight and embedded in Araldite 6005 the next

day. Blocks were cured at 60 °C for three days.

Sections were cut on a Reichert 0mU2 ultramicrotome

with a Dupont diamond knife at a thickness of 6OO-9O0A and

collected on 200 mesh copper grids. Sections were double

stained with 5?^ uranyl acetate and Reynolds lead citrate

(Reynolds, I963) for 8-9 minutes each.

Transmission electron microscope observations were made

using a Hitachi HS-8 electron m.icroscope. Micrographs were

taken on Kodak. Kodalith LR film.

Scanning Electron Microscopy!

Infected larvae of Artemia were fixed and dehydrated as

above. This was followed by an ethanol-freon II3 series to

100^ freon 113» Larvae were critical point dried in a Bomar

SPC-I500 apparatus using freon II3 as the transitional fluid.

Specimens were coated with gold in a Hummer 5 sputterer and

examined with an ISI-40 electron microscope operating at an

accelerating voltage of IO-I5 KV.



RESULTS

In Vitro Studies ; The Zoospore

The zoospore of Haliphthoros milfordensis is generally

globose to pyriform in shape (Figures 1 & 2), measuring 6.5

X 10.0 pm, and biflagellate (Figures 3. 4 & 6). The zoospore

surface is bound only by the plasma membrane which appears

irregular because of underlying vesicles (Figures 1 & 2).

The anterior of the zoospore near the point of flagellar

attachment contains the nucleus, several mitochondria, one or

two dictyosomies, numerous vesicles, and sparse endoplasmic

reticulum. Occasionally, one to several lipid bodies are

present (Figures 49 & 50)* The subapically attached flagella

(anteriorly directed tinsel, posteriorly directed whiplash)

have the typical 9+2 arrangement of axonemal microtubules

and a flagellar sheath which is continuous v/ith the plasma-

lemma (Figure 6). The anterior tinsel and posterior whiplash

flagellum are each anchored by a kinetosome of typical eukaryotic

structure (Figures 3 & 6). Both kinetosomics lie within the

crown area of the zoospore and have an interior angle of

approximately 130° (Figures 4 & 6). The terminal plate of

each flagellum is surrounded by an electron-dense ring of

material which connects it to the plasmalemma (Figure 6).

Coiled bodies which consist of 8-10 stacked subunits or fibers

are located immediately above the terminal plate (Figure 6).

At least two rootlets occur at the proximal ends of the
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kinetosomes, and an additional striated rootlet is sometimes

seen connecting the two kinetosomes (Figure 4). The nucleus

of the swimming spore is approximately 1.5 x 3*6 pm and has

a characteristic beak (Figure 5) which extends toward the

crown area where the kinetosomes are located. Each nucleus

usually contains a centrally located nucleolus which is round

to slightly elongate (Figures 48 & 49). Dictyosomes appear as

a stack of flattened clsternae with numerous vesicles at the

periphery. They are located on one or both sides of the

nuclear beak (Figure 5)- Both sausage and cup shaped mito-

chondria of mature zoospores, approximately 0.5 x 1.4 pm., have

filiform cristae (Flgu.res 1 & 2). The electron dense matrix

of the ïïiitochondrla is homogeneous, but may contain small

electron dense granules (Figures 1, 2 & 9). Most mitochondria

are closely associated with the nucleus (Figure 2). Occasionally,

lipid bodies 0.6 pmi in diameter are seen in the anterior

zoospore area (Figures 49 & 50)* The endoplasmic reticulum

is of the granular type, and is located throughout the zoospore

in a random pattern (Figures 1 & 2). In addition to those

ribosomes attached to the endoplasmic reticulum, free ribosomes

and polysomes are uniformly distributed throughout the

cytoplasm.

The posterior zoospore area contains numerous fibrous

vesicles (Figures 1 & 2) approximately 0.7 pm in diameter.

These vesicles fuse occasionally with the plasmalemma (Figures
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1 & 9) and discharge their contents extracellularly. In

addition to fibrous vesicles, lipid, sparse endoplasmic

reticulum, and numerous free ribosomes occur in the posterior

of the zoospore.

Scattered around the periphery of the zoospore are

numerous spherical to elongate, electron dense "phospholipid

bodies" (Figures 1 & 2) approximately 0.3 pm in diameter.

Although most phospholipid bodies are peripheral, a few may

be centrally located.

Encystment:

Encystment is a process by which the unwalled, biflagellat

zoospore is transformed into a round, aflagellate, walled cyst,

approximately 9*0 pm in diameter. A description of each major

change v/hich occurs during encystment is:

1) The initial step in encystment is the detachment

or retraction of the flagella. After flagellar loss or

retraction (Figure 7) the kinetosomes of both flagella migrate

toward the centrally located nucleus where they function as

centrioles (Figure 8).

2) The nucleus loses its prominent beak, rounds-up,

and becomes centrally located (Figures 9, 10 & 11).

3) Dictyosomes remain closely associated with the

nucleus (Figures 10 & 11).

4) Mitochondria migrate centrally and surround the

nucleus (Figures 9, 10 & 12).
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5) Rough endoplasmic reticulum accumulates as multi-

layered lamellar complexes around the nucleus (Figures 10 & 11)
and isolated mitochondria (Figures 10, 11 & 12).

6) Phospholipid bodies migrate from the periphery

toward the spore center (Figure 9) where they undergo struc-

tural modification. As the phospholipids change, they are

transformed into scalloped fringed vesicles containing both

electron dense and fibrous material (Figures 10, 11, 13 & l4).

Modification ends with empty scalloped fringe vesicles.

7) Cell wall vesicles appear during encystment and

are observed initially adjacent to the nucleus (Figure 9)*

These sausage, barbell, or spherically shaped vesicles contain

uniformly granulate electron dense material. They have been

observed to be continuous with rough endoplasmilc reticulum

and closely associated with one or more mitochondria (Figures

9 & 12). In later stages of encystment, cell wall vesicles

move away from the nuclear region (Figure 12) and become scat-

tered around the periphery of the spore.

8) Flimmer packets (presumptive mastigonemes) also

form in proximity to the nucleus (Figure 10). When viewed

longitudinally, these packets are long, rectangular, membrane-

bound structures. During the later stages of encystment

flimmer packets become more numerous and occur throughout the

spore cytoplasm (Figure lO).

9) Multivesicular complexes appear in later stages

of encystment (Figure lO).
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10) Large, fibrous vesicles migrate to the periphery

where they subsequently fuse with the plasma membrane releasing

their contents extracellularly (Figure 9)- This material

eventually forms the cyst wall. Fibrous vesicles become

arranged around the periphery in late encystment (Figures 10

& 11).

11) The most prominent change occurring during

encystment is the formation of the three layered external cyst

wall (Figures 10, 11 & 12). The completely formed cyst wall

consists of an outer dense fibrous wall, a middle electron

transparent zone containing striated spines, and an inner

somewhat thickened wall of uniform electron density (Figures

10, 11 & 12).

Germination;

During early germination the emerging germx tube fractures

the cyst w'all causing the outer wall layer and middle electron

transparent zone to fall back (Figure 15)- The inner layer of

the three layered external cyst v/all appears to be continuous

with the wall of the young germ tube (Figures 15 & 16). Also,

numerous minute vesicles are located between the middle electron

transparent zone and the inner cyst wall (Figure 15)*

Expansion and protrusion of the germ tube are progressive,

and as growth continues the contents of the cyst move into

the germ tube, leaving a large vacuole in the spore cyst

(Figure 16). In addition, the extreme tip of the germ tube
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is composed of small wall vesicles (Figures 15 & l6).

Changes in several cell inclusions occur during germina-

tlon. Rough endoplasmic reticulum becomes scattered through-

out the germ tube (Figure 16). In addition, some of the

mitochondrial profiles are somewhat longer than those found

in previous stages (Figure 15)• The nucleus also undergoes

significant change in the germinating spore. As the nucleus

migrates from the cyst into the germ tube, it loses its spherical

form and becomes elongate (Figure l6).

Reemergence ;

Reemergence resembles early germination except that

instead of a germ tube, a spore emerges from the cyst (Figure

I?)» In this case, the spore bears flagella and the inner

layer of the cyst wall is not continuous with the reemerging

zoospore (Figures 17 & 18). After reemergence, the entire

three layered external cyst wall is left behind (Figure 18).

In Vivo Studies : Sporogenesis

Sporogenesis is initiated following depletion of nutrients.

This process is sequential, beginning at the distal ends of

the sporangium and continuing to the tip of the discharge tube.

The complete process of sporogenesis may last up to 48 hours

with discharge tube formation and subsequent discharge lasting,

approximately 1 1/2 hours. Sporogenesis in hyphae growing

on the brine shrimp, Artemia salina. as determined by light
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and transmission electron microscopy, is described below.

Light Microscopy;

Initially, sporogenesis involves the formation of

slender discharge tubes approximately 7-0 pni in diameter

(Figure 19) and transition of the cytoplasm from a highly

vacuolate vegetative condition to one of a densely granulate,

less vacuolate nature (Figure 19)* Sporogenesis continues

with vacuolar coalescence (Figures 20a-f) and separation of

cytoplasm from the cell wall. As these processes are occurring,

spore Initials become evident in areas farther from the dis-

charge tube (Figure 21). Sporogenesis is completed with

delimitation and separation of individual spores. This period

lasts approximately IO-I5 minutes. Initially, spore initials

are tightly packed and polygonal (Figures 22a-e & 23a-e).

Subsequently, zoospores completely separate from each other

(Figures 22f-g & 23f-g) connected only by cytoplasmic threads

(Figure 22c). When the last spores are cleaved in the distal

end of the discharge tubes, sporogenesis is completed.

Discharge :

Newly formed zoospores migrate to the tip of the discharge

tube (Figures 22h-i & 23h-p) immediately prior to discharge.

Upon discharge, individual spores move rapidly through the

discharge tube, the entire spore mass being discharged in 20

to 30 seconds (Figures 22j & 23q-u).



28

Transmission Electron Microscopy:

The vegetative hyphae (Figures 24, 25, 26 & 76a) of

Haliphthoros milfordensis are generally multlnucleate, highly

vacuolate, and have numerous mitochondria with filiform cristae

as well as abundant rough endoplasmic reticulum, free ribo-

somes, and lipid. Numerous dictyosomes are often found in

close association with the nucleus (Figures 25, 26 & 76a). A

distinct cell wall is also present (Figures 24 & 76a). The

vegetative hyphae lack both fibrous vesicles and phospholipid

bodies (Figures 24, 25, 26 & 76a-b), both prominent features

of the zoospore. Also noticeably absent is the brine shrim.p,

Artemia salina, which has been completely consumed by the

fungal hyphae.

At the fine structural level, cleavage of the sporogenic

cytoplasm can be divided arbitrarily into three recognizable

stages. In the first stage, cleavage is initiated by the

coalescing/fusion of vacuoles resulting in cleavage furrows

(Figures 27, 28 & 76c). This is accompanied by separation of

cytoplasm from the cell wall (Figures 3I, 32, 33, 3^ ^ 76c)

due to coalescence of vesicles along the wall (Figure 35)-

As these two processes occur, uninucleate cytoplasmic masses

become recognizable (Figures 27, 33, 34 & 76c). Nuclei during

this stage are frequently associated with basal bodies (Figures

29 & 30)* Also present at this stage are small, rod-shaped

membrane-bound vesicles which contain microtubules (Figures
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36, 37, 38 & 76c). These vesicles form from rough endoplasmic

reticulum (Figures 36, 37, 38 & 76c) and are occasionally

associated with a mitochondrion (Figures 38 & 76c). They

appear to contain flagellar mastigonemes which become attached

to the flagellum during the next cleavage stage. In addition,

minute, electron dense phospholipid bodies are seen closely

associated with the nucleus (Figures 39 & 76c) and surrounding

dlctyosomes (Figures 40 & 76c). These electron dense bodies

are formed within the endoplasmic reticulum (Figures 4l, 42

& 76c) and later are observed to enlarge and migrate throughout

the sporogenic cytoplasm (Figures 43, 44 & 76d).

The second cleavage stage is characterized by continued

vacuolar fusion resulting in enlargement of the cleavage

furrows (Figures 45 & 76d) . Distinct, uninucleate spore

initials are nov/ clearly recognizable (Figures 45, 46, 47 &

76d) .

It is during the third cleavage stage that the spores

become completely separated (Figures 48, 49 & 76e). Various

vesicles, including fibrous vesicles (Figures 48 & 49) lying

immediately under the plasma membrane, give the spore surface

a slight Irregularity. A cytoplasmic thread, simply a con-

tinuation of the plasma membrane (Figures 49 & 76e-f),

connects adjacent spores.

Prior to discharge, newly formed zoospores are observed

adjacent to one another within the hyphal walls (Figures 50,

51 & 76e).
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Infection and Host-Parasite Interaction;

The following is a description of the infection process

and host-parasite relationship between the brine shrimp, Artemia

salina and the fungal parasite, Haliphthoros milfordensis.

as studied by light, scanning and transmission electron m.icro-

scopy.

Light and Scanning Electron Microscopy:

When larvae of A. salina are exposed to zoospores of

H. milfordensis and then examined with the scanning electron

microscope, many fungal cysts are found in the dorsal and

ventral midregion (Figures 58 & 59) of the exoskeleton of the

larva. Thus, the fungal cysts are not random.ly distributed,

but tend to have a site specific pattern of attachment. Along

with the fungu.s on the larval surface are bacteria (Figure 60)

which have been observed within the host.

The germ tube/infection tube penetrates the exoskeleton

of the host leaving behind only the cyst wall (Figures 52 &

53)• Subsequently, the germ tube enlarges to form young

vegetative hyphae (Figure 5^) which eventually penetrate the

epidermis into the body cavity. Vegetative growth continues,

with branching and fragmentation of the thallus, until all

host cytoplasm has been consumed (Figure 6l). Once depletion

of nutrients occurs, sporogenesis is initiated. Discharge

tubes are then observed penetrating the surface of the liost

(Figures 55. 6l & 62). In completion of the life cycle, the
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infective agents of the fungus, the zoospores, are released

shortly after cleavage of the most distally located spore

within the discharge tube (Figures 56 & 57)•

Transmission Electron Microscopy:

At the fine structural level, Artemia salina consists of

three major layers which will be considered here. These

layers are the outer protective exoskeleton, an underlying

epidermis which surrounds the body cavity, and the inner gut.

Zoospores of Haliphthoros milfordensis readily encyst on

the exoskeleton of larvae of A. salina (Figure 63)• This is

followed by spore germination (Figure 64), penetration of the

exoskeleton (Figures 65 & 66) and formation of young vegetative

hyphae, and penetration of the epidermis into the body cavity

(Figures 6?, 68 & 69).

An accumulation of dense amorphous material is observed

at the point of contact between the germinating spore and the

exoskeleton of the host (Figure 64). Immediately after entry

through the exoskeleton, the germ tube widens (Figures 65 &

66) into a thick hypha which branches irregularly to form

the fungal thallus. The invading hyphal tips of H. milfordensis

contain ground cytoplasm, ribosomes, occasional vacuoles,

mitochondria (usually located 1-2 pm from the tip), and

endoplasmic reticulum (Figures 65 & 66).

At the point of contact between the hyphae and the

epidermis of the host, an accumulation of dense amorphous
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material is seen (Figure 67). Present within the hypha are

numerous dictyosomes located near the site of contact (Figure

67)• In addition, histolytic activity evident by the disruption

of host cytoplasm occurs as the vegetative hypha penetrates

the epidermis (Figure 68). As penetration of the epidermis

continues (Figures 69 & 70), the epidermal membrane appears to

be pushed inward (Figure 70), but not pierced by the fungus.

The growing vegetative h;'yrphae, on reaching the gut, appears

to lack a cell v/all (Figures 7I & 72).

Within the body cavity of the host, the fungus releases

minute vesicles at the growing tip region (Figure 73)• No

cell wall is present (Figure 73)- Vegetative hyphae in the

body cavity are surrounded by a dense amorphous material which

may indicate encapsulation of the fungus by the host (Figures

74 & 75).



Figure 1. Transmission electron micrograph of a zoospore

showing internal arrangem.ent of organelles and

point of flagellar attachment. I8,500x. F,

flagellum; FV, fibrous vesicle; M, mitochon-

drion; N, nucleus; Pt, phospholipid body; P.m,

plasma membrane.
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Figure 2. Longitudinal section of zoospore showing pos-

terior vesicles and peripheral dense bodies.

18,000x. ER, endoplasmic reticulum; FV,

fibrous vesicle; M, mitochondrion; N, nucleus.
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Figure 3

Figure 4

Figure 5

Figure 6

Figure 7

Figure 8

Flagellar arrangement. Note tinsel and whip-

lash flagellum each anchored by a kinetosome.

12,000x. Ft, tinsel flagellum; Fw, whiplash

flagellum; K, kinetosome.

Rootlet arrangement. Note striated rootlet

connecting the two kinetosomes. 12,500x.

C, crown area; R, rootlet; Sr, striated rootlet.

Anterior zoospore region showing nuclear beak

with associated dictyosomes. 27,000x. Dy,

dictyosome; Nb, nuclear beak.

Flagellar apparatus. Note terminal plate,

dense connection and coiled body. 45,500^*

Cb, coiled body; Dc, dense connection; K,

kinetosome; Tp, terminal plate.

Encysting spore with retracted flagellum.

17,500x. Fr, retracted flagellum.

Encysting: spore with centrally located kineto-

somes. 26,000x. Ce, centriole; N, nucleus.
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Figure 9- Transmission electron micrograph of an encysting

spore. Note peripheral arrangemient of fibrous

vesicles. Note also centrally located nucleus

with associated mitochondria and cell wall

vesicles. 21,500x. cwV, cell wall vesicle;

ER, endoplasmic reticulum; FV, fibrous vesicle;

M, mitochondrion; No, nucleolus.
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Figure 10. Fully encysted spore showing the three

layered external cyst wall. Note the internal

arrangement of organelles. 21,500x. CW,

cyst wall; FV, fibrous vesicle; M, mitochon-

drion; MCV, multivesicular complex; N,

nucleus; RER, rough endoplasmic reticulum;

sfV, scalloped fringe vesicle.
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Figure 11. Encysted

external

spines.

21,500x.

spore showing the three layered

cyst wall containing striated

Note internal organelle arrangement.

Dy, dictyosome; FV, fibrous vesicle

M, mitochondrion; N, nucleus; SS, striated

spine; V, vacuole.
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Figure 12. Encysted spore showing internal organelle

arrangement. 21,500x. cwV, cell wall

vesicle; FV, fibrous vesicle: L, lipid; M,

mitochondrion; No, nucleolus; SS, striated

spine.
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Figure 13. Encysting spore showing variously modified

phospholipid bodies. 4l,000x. Ce, centriole;

M, mitochondrion; N, nucleus; sfV, scalloped

fringe vesicle.

Figure 14. Encysting spore showing variously modified

phospholipid bodies. Note scalloped fringe

surrounding phospholipid body. 44,000x.

fp, flimmer packet; M, mitochondrion; Pb,

phospholipid body; sfV, scalloped fringe

vesicle.
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Figure 1$. Transmission electron micrograph of a ger-

minating spore with the germ tube fracturing

the cyst wall. Note that the inner layer of

the three layered external cyst wall is con-

tinuous with the wall of the germ tube.

I9.OOOX. GW, cyst wall; fp, flimmer packet;

Gt, germ tube; M, mitochondrion; MCV, multi-

vesicular complex; N, nucleus; V, vacuole.
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Figure l6. Germinating spore. Note large post

vacuole as v/ell as nuclear elongati

Gt, germ tube; M, mitochondrion; N,

RER, rough endoplasmic reticulum; V

Figure 17. Reemerging zoospore. l4,500x. CW,

wall; F, flagellum.

erior

on. 12,500x.

nucleus ;

, vacuole.

cyst
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Figure 18. Fully reemerged zoospore. Note the empty

three layered external cyst wall. 12,500x.

CW, cyst wall; F, flagellum; M, m.itochondr ion ;

N, nucleus; Pm, plasma membrane.
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Figure 19.

Figures 20a-f

Figure 21.

Figures 22a-g

Figures 22h-j

Light micrograph of a discharge tube

showing slightly vacuolate condition.

Discharge tube showing formation of spore

initials via vacuolar fusion.. V, vacuole.

Hyphal section showing distinct spore

initials. Si, spore initial.

Discharge tube showing delimitation and

separation of individual spores. Note

cytoplasmic thread. ct, cytoplasmic

thread.

Spore discharge.
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Figures 23a-g. Color light micrograph of

tube showing delimitation

of individual spores.

Figures 23h-u. Spore discharge.

a discharge

and separation
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Figure 2k. Transmission electron micrograph of a

vegetative hypha showing highly vacuolate

condition. Note cell wall. 15,500x. Cw,

cell v/all; L, lipid; M, mitochondrion; N,

nucleus; V, vacuole.
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Figure 25. Highly vacuolated vegetative hypha showing

scattered amounts of lipid. ll.OOOx. L,

lipid; M, mitochondrion; No, nucleolus; V,

vacuole.

Figure 26. Longitudinal section of a highly vacuolated

vegetative hypha. 8,500x. V, vacuole.
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Figure 27 Early cleavage stage. Note formation

cleavage furrows via vacuolar fusion.

Cw, cell wall; N, nucleus; V, vacuole

of

12,5Q0x.
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Figure 28. Vacuolar fusion. 15,000x. V, vacuole.

Figure 29. Early stage of zoospore formation. Nucleus

with fully grown centriole and posteriorly

directed microtubules; terminal plate marked

by arrov/head. 2 3,000x. N, nucleus; Tp,

terminal plate.

Figure 30. Nucleus with associated basal bodies. 21,500x.

N, nucleus; Tp, terminal plate.

Figure 31* Early stage of wall separation. 13,500x.

EWS, early wall separation.
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Figure

Figure

Figure

Figure

32.. Wall separation. 23,000x. WS, wall separation.

33- Wall separation. Note formation of uninu-

cleate cytoplasmic mass via separation from

cell wall and vacuolar fusion. l4,500x.

34. Wall separation. Uninucleate cytoplasmic

mass is recognizable. 15,000x.

35- Wall separation resulting in the formation

of other vacuoles. I3.OOOX. V, vacuole.
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Figure 36. Flimmer packet formed from rough endoplasmic

reticulum. 38,OOOx. fp, flimmer packet;

N, nucleus; RER, rough endoplasmic reticulum.

Figure 37- Flimimer packet form.ed from rough endoplasmic

reticulum. 39.000x. fp, flimmer packet;

N, nucleus; RER, rough endoplasmic reticulum.

Figure 38* Flimmer packet formed from rough endoplasmic

reticulum in close association with a mito-

chondrion. Note microtubules. 45,500x.

fp, flimmer packet; M, mitochondrion; RER,

rough endoplasmic reticulum.
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Figure 39* Minute phospholipid bodies in close associa-

tion with the nucleus. 21,000x. N, nucleus

Pb, phospholipid body.

Figure 4o. Minute phospholipid bodies in close associa-

tion with surrounding dictyosomes. 21,000x.

Dy, dictyosome; Pb, phospholipid body.

Figure 4l. Phospholipid body formed from endoplasmic

reticulum. '36.OOOX, ER, endoplasmic reti-

culum; Pb, phospholipid body.

Figure 42. Phospholipid body formed from endoplasmic

reticulum. 40,000x. ER, endoplasmic reti-

culum; Pb, phospholipid body.

Figure 43. Enlargement of phospholipid body. 36,OOOx.

Pb, phospholipid body.

Figure 44. Enlargement of phospholipid body. Note

migration of phospholipid body away from

nucleus. 20,000x. N, nucleus; Pb, phospho-

lipid body.
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Figure 45. Continued vacuolar fusion resulting in

enlargement of cleavage furrows. Note

distinct, uninucleate spore initial. l4,000x.

N, nucleus; V, vacuole.
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Figure 46. Distinct, uninucleate spore initial

hyphal wall. 9.000x. N, nucleus; lAi

wall.

Figure 4?. Longitudinal section of uninucleate

initial within hyphal wall. 9»000x.

hyphal wall.

within

■, hyphal

spore

W,
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Figure 48. Newly formed zoospore within hyphal wall.

12,500x. FV, fibrous vesicle; No, nucleolus;

Pm, plasima membrane; W, hyphal v/all.

Figure 49. Newly formed zoospore showing connecting

cytoplasmic thread. 8,500x. ct, cytoplasmic

thread; L, lipid; Pm, plasma membrane; W,*

hyphal wall.

Figure 50. Zoospores prior to discharge. 5,500x.

Figure 51. Zoospores prior to discharge. 8,50OX.
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Figure 52. Light micrograph of penetration of the exo-

skeleton of Artemia salina by a germinating

spore of Halj-phthoros milfordensis. Cw,

cyst wall; E, exoskeleton; Gt, germ tube.

Figure 53* Numerous penetrations of the exoskeleton.

E, exoskeleton.

Figure

Figure 55*

i'igure 56.

Figure 57*

Heavy vegetative growth. E, exoskeletori;

Sm, spore mass; Vh, vegetative hypha.

Discharge tubes. dt, discharge tube.

Spore discharge.

Spore discharge. Note empty discharge tube.
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Figure 5S. Scanning electron micrograph of fungal cysts

found in the ventral midregion of the exo-

skeleton of Arternia salina. Sm. snore mass.
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Figure 59- Scanning electron micrograph of fungal cysts

in the dorsal midregion of A. salina.

Figure 60. Bacteria closely associated v/ith fungal cysts

at the site of infection. B, bacterium; S,

spore.
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Figure 6l. Scanning electron micrograph of A. salina

completely consumed by H. milfordensis.

Note formation of discharge tubes. dt,

discharge tube.
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Figure 62. Scanning electron micrograph of discharge

tubes penetrating the surface of the host,

dt, discharge tube.
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Figure

Figure

Figure

63. Transmission electron micrograph of spore

encystment on the exoskeleton of A. salina.

8,000x. E, exoskeleton.

64. Germinating spore. Note accumulation of

dense amorphous material at the point of

contact between the germinating spore and

the exoskeleton of the host. ll,000x. E,

exoskeleton; N, nucleus.

65. Penetration of the exoskeleton. Note enlarge-

ment of the germ tiihe. 20,500x. E, exo-

skeleton.
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Figure 66. Penetration of the exoskeleton. 20,000x.

E, exoskeleton; Ep, epidermis.

Figure 6?. Vegetative contact with the epidermis. Note

accumulation of dense amorphous material at

the site of contact. l6,500x. Dy, dictyo-

some; Ep, epidermis; N, nucleus.
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Figure 68. Penetration of the epidermis. Note histo-

lytic activity as evidenced by the disruption

of host cytoplasm. l6,000x. Ep, epidermis;

H, histolysis.

Figure 69. Penetration of the epidermis. l6,500x.

Ep, epidermis.
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Figure 70. Transmission electron micrograph shov/ing

penetration of the epidermis. Note that

the epidermal membrane is pushed inward and

not pierced. 17i000x. E, exoskeleton; Em,

epidermal membrane; Ep, epidermis.
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Figure 71- Vegetative contact with the gut lining.

Note the absence of a cell wall. 12,500x.

G, gut; Gl, gut lining; Pm, plasma membrane.

Figure 72. Vegetative growth in the gut. 12,500x.

G, gut; Pm, plasma mem_brane.
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Figure

Figure

Figure

73» Vegetative growth in the epidermis. Note

that minute vesicles are being released at

the growing tip region of the fungus.

20,000x. Ep, epidermis; v, vesicle.

74. Vegetative growth in the epidermis. Note

accumulation of dense amorphous material

surrounding the fungus. I5.OOOX. Ep, epi-

dermis; En, encapsulation.

75■ Accumulation of dense amorphous material

surrounding the fungus in the epidermis.

22,000x. Ep, epidermis; En, encapsulation.
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Figures 76a-b

Figure 76c.

Figure 76d.

Figure 76e.

Figure 76f.

Line drawings showing vegetative hyphae.

Line drawing showing cleavage of zoospores

via coalescing of vacuoles and accompanied

by separation of cytoplasm from the cell

wall.

Line drawing showing distinct, uninucleate

spore initials.

Line drawing showing completely separated

spores.

Line drawing showing a cytoplasmic thread

connecting adjacent spores.
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DISCUSSION

In Vitro Studies ; The Zoospore

Tharp (1976) reported the zoospore of Haliphthoros

milfordensis to be "somewhat different" from those described

for other oomycetes. One possible explanation for this is

that all but one of the previous studies were of freshwater

organisms. Major differences between zoospores of H.

milfordensis and those of previously studied genera included

its anteriorly positioned mitochondria, absence of an internal

groove region, vesicular variation, and arrangement of endo-

plasmic reticulum (Tharp, 1976). This description is in

close agreem.ent with the findings of the present study. The

anterior of the zoospore near the point of flagellar attach-

ment was found to contain the nucleus, several mitochondria,

one or two dlctyosomes, numerous vesicles, sparse ER and

occasionally, one to several lipid bodies. The nucleus of

the swimming spore of H. milfordensis has a characteristic

beak which extends toward the two kinetosomes. Bland and

Amerson (1973a) observed similar beaks in zoospores of

Lagenidium callinectes and saw also microtubules radiating

from the kinetosomes. Heath and Greenwood (1970) reported

similar nuclear beaks in Saprolegnia and suggested that the

microtubules close to the nuclear envelope could be responsibl

for the beaked shape of the nucleus. This is likely the case

in H. milfordensis. Also, the flagellar apparatus of
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H. milfordensis corresponds to that described by Tharp (1976)

for the same fungus and is similar to that of other oomycetous

zoospores. In H. milfordensis, Pythium nroliferum (Lunney and

Bland, 1976) and Anhanomyces euteiches (Hoch and Mitchell,

1972), the two kinetosomes are situated at a 170° angle to

each other, and are closely associated with the beaked portion

of the nucleus. There is also a striated rootlet in H.

milfordensis zoospores connecting the two kinetosomes similar

to that seen in P. proliferum (Lunney and Bland, 1976) and

A. euteiches (Hoch and Mitchell, 1972). At least two additional

rootlets running parallel to the plasmalemma occur at the

proximal ends of the kinetosomes. Previous studies of oomycetous

zoospores showed the mitochondria to be arranged generally

around the periphery of the zoospore. However, in H. milfor-

densis the mitochondria correspond to those described by Tharp

(1976) in that they are positioned anteriorly around the

nucleus, and are often associated with RER. Lunney and Bland

(1976) observed also a similar RER-mitochondrial association

in P. proliferum. The arrangement of RER corresponds to that

described by Tharp (1976), and is quite unlike that of other

fungal zoospores. Several studies (Ho et al., I968; Hohl and

Hamamoto, 1967; Hoch and Mitchell, 1972 and Lunney and Bland,

1976) describe the RER as occurring in abundant concentric

layers near or’ around the nucleus. In contrast, the RER of

H. milf ordensis zoospores appears sparse and swollen with a
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scattered arrangement similar to that described by Bland and

Amerson (1973a) for zoospores of L. callinectes. This arrange-

ment of irregularly swollen RER may be a unique characteristic

of marine oomycetous zoospores. The posterior region of the

zoospore contains numerous fibrous vesicles corresponding

to the peripheral vesicles (type A) described by Tharp (1976).

These vesicles fuse occasionally with the plasmalemma and

discharge their contents extracellularly. Bland and Amerson

(1973a) described a similar process in L. callinectes. Numerous

phospholipid bodies observed by Tharp (1976) are scattered

around the periphery of the zoospore. These undergo structural

modification during encystment and will be discussed later.

Encystment;

The encystment process of H. milfordensis zoospores cor-

responds to that described by Tharp (1976) and closely parallels

that described for Phytophthora parasitica by Hemmes and Hohl

(1971). The initial step in encystment is the detachment or

retraction of flagella. Most often, the tinsel flagellum

is retracted by the vesicular method (Koch, I968) whereas the

whiplash flagellum is always cast off. After flagellar loss

or retraction the kinetosomes of both flagella migrate toward

the centrally located nucleus where they function as centrioles.

The nucleus loses its nrominent beak, rounds-up, and becomes

centrally located. Dictyosomes are closely associated with

the nucleus and may aid in the formation of the cyst wall.
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since in P. parasitica (Hemmes and Hohl, 1971). it was shown

that maturation of the cyst wall involved dictyosome derived

vesicles. Mitochondria migrate centrally and surround the

nucleus. RER accumulates as multilayered lamellar complexes

around the nucleus and isolated mitochondria. Phospholipid

bodies migrate from the periphery toward the spore center

v^here they are subsequently transformed into scalloped fringe

vesicles containing both electron dense and fibrous m.aterial,

and eventually into empty scalloped fringe vesicles. These

vesicles are unique to the species and may serve as a food

reserve for the spore. RER derived cell wall vesicles are

observed initially adjacent to the nucleus, but in later stages

of encystment become scattered around the periphery of the

spore. Flimmer packets (presumptive mastigonemes) form also

in proximity to the nucleus, and during the later stages of

encystment become more numerous, occurring throughout the

spore cytoplasm. Multlvesicular complexes which correspond

to type B vesicles described by Tharp (1976) appear in later

stages of encystment. These vesicles may function as a means

of waste disposal or salt regulation. Drebes (personal com-

munication) believes that these vesicles function as autophago-

somes. Large, fibrous vesicles migrate to the periphery where

they subsequently fuse with the plasmalemma releasing their

contents extracellularly. In Phytophthora palmivora (Sing and

Bartnicki-Garcia, 1975). this vesicle type is instrumental in
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the process of spore adhesion and likely plays a similar role

here. In L. callinectes (Bland and Amerson, 1973a) formation

of the outer portion of the cyst wall Involves fibrous

vesicles which fuse with the plasma membrane releasing their

contents extracellularly. During this process, fibers released

from the vesicles may have a dual function; adhesion and

formation of the external cyst wall. Regarding this, however,

I disagree with Tharp's (1976) statement that the spines

occurring on the spore cysts are similar to those described

for Dictyuchus sterile (Heath and Greenwood, 1970) and

Sanrolegnia -parasitica (Meier and Viebster, 195^)* In fact,

they appear to be different from anything described previously.

However, the method of spine production in H. milfordensis

corresponds to that described by Tharp (1976) in that it ap'pears

that the spizies are formed via condensation of fiber bundles

at discrete sites around the internal cyst wall. In Lagenisma

coscinodisci (personal communication) Drebes observed spl'nes

occurring on primary spore cysts whereas no spines were present

on the secondary spore cysts which subsequently form the

infection tube. This description is in close agreement with

the findings of the present study in that spines are not

always present on the spore cysts of H. milfordensis, and

have yet to be observed on the spore cysts which have infected

the brine shrimp, Artemia salina.
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Germination;

Electron microscopy reveals that considerable activity

and change occurs during spore germination. As the young germ

tube emerges from the spore cyst, the outer wall layer and

middle electron transparent zone are ruptured and folded

back. The inner layer of the three layered external 'cyst

wall appears to be continuous with the wall of the newly for-

ming germ tube. Grove and Bracker (1978) described a similar

process for Pythium aphanidermaturn.' In H. milfordensis numerous

minute vesicles are located between the middle electron trans-

parent zone and the inner cyst wall. These vesicles are

released by the spore and may create internal pressure upon

the cyst wall causing the wall to rupture, and subsequent

germ.ination to occur. In H. milfordensis minute wall vesicles

occur at the tip of the germ tube. In P. proliferum (Lunney

and Bland, 1976) the germ tube is initiated by an accumulation

of cell wall vesicles along the plasma membrane. Also, in

P. aphaniderm.atum (Grove and Bracker, 1978) it was shown that

the apex of the germ tube contained a cluster of granular

Golgi vesicles, as is characteristic of tip growing cells.

Elongation of the germ tube continues with the cytoplasm moving

from the cyst into the tube leaving a large vacuole in the

spore cyst. It is thought that through a process of vacuolar

fusion the cyst cytoplasm is actually pushed into the tube

by the enlarging vacuoles. Thus it appears that in
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H. milfordensis germination may occur both as the result of

vacuolar fusion and vesicular activity. In H. milfordensis

as well as in P. aphanidermatum (Grove and Bracken, 1978)

mitochondrial profiles are somewhat longer than those found

in previous stages. In addition, the nucleus migrates from

the cyst into the germ tube, losing its spherical form, and

becoming elongate.

Reemergence :

!

Sparrow (1974) described the zoospore of H. milfordensis

as having the capability of repeated emergence. This descrip

tion is in agreement with the findings of Tharp and Bland

(1977) as well as with that of the present study. Reemergenc

is similar to that of early germination except that instead

of a germ tube, a spore emerges from the cyst. The fully

reemerged zoospore has the same characteristics described

previously for the zoospore. After reemergence, the entire

three layered external cyst wall is left behind.

In Vivo Studies ; Soorogenesis

Sparrow's (1974) study of H. milfordensis established

the fact that zoosporogenesis is sequential, beginning at the

distal ends of the sporangium and continuing to the tip of

the discharge tube. The following -is a discussion of sporo-

genesis in H. milfordensis as observed in hyphae growing on

the brine shrimp, Artemia salina.
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Light MicroscQ-py;

Sporogenesis closely resembles the three stages described

for H. milfordensis by Tharp and Bland (1977)» Initially

sporogenesis involves the formation of slender discharge tubes

and transition of the cytoplasm from a highly vacuolate vege-

tative condition to one of a densely granulate, less vacuolate

nature. In L. callinectes, Gotelli (197^) observed that the

first indication that zoosporogenesis has begun is the forma-

tion of septa which delimit sporangia. The second stage

described by Tharp and Bland (1977) is marked by migration

of vacuoles to the periphery where they fuse with the plasma

membrane. In A. euteiches, Hoch and Mitchell (1975) observed

similar fusion between the tonoplast of a central vacuole and

the plasmalemma. After fusions between the vacuoles and

plasmalemma have occurred in H. milfordensis (Tharp and Bland,

1977), the sporogenlc cytoplasm either shrinks or is repelled

from the hyphal wall and exists as a centrally located, irreg-

ular mass of densely granulate, homogeneous cytoplasm. How-

ever, in the present study, migration of vacuoles to the

periphery and subsequent fusions between vacuoles and plasma-

lemma were not observed. Instead, sporogenesis involves

vacuolar coalescence and separation of cytoplasm from the cell

wall. As these processes are occurring, spore initials become

evident in areas farther from the discharge tube. The third

stage of sporogenesis, described previously by Tharp and
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Bland (1977). involves the delimitation and separation of

individual spores. Initially, spore initials are tightly

packed and polygonal. Subsequently, zoospores separate from

each other but remain connected by cytoplasmic threads.

Previously, Bland and Amerson (1973a) suggested that such con-

necting threads might function in cytoplasmic discharge in

L. callinectes. It seems feasible that in H. milfordensis

that once discharge has been initiated, succeeding spores

might be drawn out of the sporangium by tension in the con-

necting thread. When the last spores are cleaved in the

distal end of the discharge tubes, sporogenesis is completed.

Transmission Electron Microscoov;

Vishniac (1958) reported that the thallus of H. milfordensis

consisted of somewhat Irregular, highly vacuolate, branched

hyphae. Fuller et al. (1964), likewise, described their isolate

of H. m.ilfordensis as having a highly vacuolate thallus capable

of forming multinucleate fractions. In addition, Tharp and

Bland (1977) reported a highly vacuolate, multinucleate,

vegetative condition. At the fine structural level, the

vegetative hyphae of H. milfordensis are generally multinu-

cleate, highly vacuolate, and have numerous mitochondria as

well as abundant RER, free ribosomes, and lipid. Numerous

dictyosomes are found in close association with the nucleus.

Hov/ever, both fibrous vesicles and phospholipid bodies, both

prominent features of the zoospore, are absent in vegetative

hyphae. The absence of these organelles suggests that neither
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fibrous vesicles nor phospholipid bodies are essential for

vegetative growth.

Cleavage of the sporogenic cytoplasm can be divided

arbitrarily into three recognizable stages. In the first

stage, cleavage is initiated by the coalescing/fusion of

vacuoles resulting in cleavage furrows similar to those described

by Bland and Amerson (1973a) for L. callinectes. This is accom-

panied by separation of cytoplasm from the cell wall due to

fusion of vesicles along the wall. 'As these two processes

occur, uninucleate cytoplasmic masses become recognizable.

Nuclei during this early stage of zoospore formation are fre-

quently assoc-iated with basal bodies. Also present at this

stage are small, rod-shaped, membrane-bound vesicles which

contain microtubules. It is believed by Bland and Amerson

(1973a) that in L. callinectes the microtubules, seen clustered

about flagella during cleavage, later'become the flagellar

tinsels. Most authors now agree that flagellar mastigonemes

are formed from flimmer packets. The origin of the tubules

in L. callinectes agrees with other reports (Bouck, 1969;

Heath et al., 1970; Deason, 1971; Leedale et al., 1970) that

microtubule packets form from the nuclear envelope and/or ER.

Schnepf et al. (1978b) observed that the mastigonemes formed

in bundles within the cisternae of the ER which always are

closely associated with a mitochondrion. In H. milfordensis

these flimmer packets form from RER and are occasionally
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associated with a mitochondrion. In addition, minute, electron

dense phospholipid bodies are now seen closely associated with

the nucleus and surrounding dictyosomes. The presence of

these bodies in the early stage of zoospore formation suggests

that together v/ith the possibility of functioning as a food

reserve for the spore, they may be essential to the growth and

development of the newly forming zoospore. These electron

dense bodies are formed within the ER, and later enlarge and

migrate throughout the sporogenic cytoplasm.

The second cleavage stage is characterized by continued

vacuolar fusion resulting in the enlargement of the cleavage

furrows. Distinct, uninucleate spore initials lacking only

the plasma m.embrane are now clearly recognizable.

The third cleavage stage involves the complete separation

of individual spores. Various vesicles, including fibrous

vesicles, lying immediately under the newly formed plasmia

membrane, give the spore surface a slight Irregularity. These

newly formed fibrous vesicles suggest that the spore now has

the capability of functioning in spore adhesion which may be

essential for attachment in infection.

Infection and Host-Parasite Interaction;

The following is a discussion of the infection process

and host-parasite relationship between the brine shrimp, Artemia

salina, and the fungal parasite, Haliphthoros milfordensis, as

seen by light, scanning, and transmission electron microscopy.
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Light and Scanning Electron Microscopy;

Travland (1978) observed that the spores of Coelomomyces

psorophorae tend to concentrate at certain sites on larval

cuticles of the mosquito Culiseta inornata. In Ç. psorophorae,

the majority of cysts v/ere found on specific parts of the

host's body (head, intersegmental areas, bases of anal gills,

and the anus) which correlated with cuticular textures. This

description is in agreement with the findings of the present

study in that, v/hen larvae of A. salina are exposed to zoospores

of H. milfordensis and then examined with the scanning electron

microscope, miany fungal cysts are found in the dorsal and

ventral m.idregion of the larval exoskeleton. This indicates

that the fungal cysts are not randomly distributed but also

have a specific pattern of attachment. Accompanying the fungus

on the larval surface are bacteria which may eventually enter

the host. In Lagenisma coscinodisci (Schnepf, Deichgraber

and Drebes, 1978a), it was shown that bacterial invasion

follows fungal infection. Thus dual infections may occur in

the brine shrimp.

The asexual life cycle of H. milfordensis corresponds

to that described by Tharp and Bland (1977)* After contact

with the host, the resulting germ tube/infection tube pene-

trates the exoskeleton of the host leaving behind only the

cyst wall. Subsequently, the germ tube enlarges to form

young vegetative hyphae which eventually penetrate the
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epidermis into the body cavity. In L. coscinodisci (Schnepf,

Deichgraber and Drebes, 1978a), a short distance behind the

sealing plug the infection tube widens to grow out into a

rather thick hypha which branches irregularly to form the

fungal thallus. In H. milfordensis vegetative growth continues

with branching and fragmentation of the thallus, until all

host cytoplasm has been consumed. Once depletion of nutrients

occurs, sporogenesis is initiated. Discharge tubes are then

observed penetrating the surface of the host. Upon discharge,

the infective agents of the fungus, the zoospores, are released

rapidly through the discharge tube, thus completing the life

cycle.

Transmission Electron Microscony;

During infection of A. salina by H. milfordensis, the

invading fungus must first penetrate the chitlnous exoskeleton,

then the epidermis and underlying body tissue, and finally

the gut.

Zoospores of H. milfordensis readily encyst on the exo-

skeleton of larvae of A. salina. In Phytophthora (Sing and

Bartnicki-Garcia, 1975). Lagenisma, and other fungi, the spore

cyst adheres to its substrate by means of a secreted amorphous

material (Schnepf, Deichgraber and Drebes, 1978a). This is

followed by spore germination, penetration of the exoskeleton

to form young vegetative hyphae, and penetration of the epi-

dermis into the body cavity.



116

An accumulation of dense amorphous material is observed

at the point of contact between the germinating spore and the

exoskeleton of the host. Similar electron-dense areas were

observed by Travland (1978) in the mosquito larva, Ç. inornata.

in response to infection with penetration of C_. psorophorae.

This is thought to be raelanization. A similar situation has

been described also for infection of Ghironomus larvae by

Beauveria (Gotz and Vey, 197^) and in abrasion of the epicuticle

of Ç. inornata (Lai-Fook, I966). Immediately after entry

through the exoskeleton of H. milfordensis. the germ tube

widens into a thick hypha which branches irregularly to form

the fungal thallus. This corresponds to L. coscinodisci

(Schnepf, Deichgraber and Drebes, 1978a) which was previously

described.

An accumulation of dense amorphous material is also seen

at the point of contact between the vegetative hyphae and the

epidermis of the host. This is similar to that previously

described for Ç. nsororhorae by Travland (1978). Present

within the hypha of H. milfordensis are numerous dictyosomes

which are located near the site of contact. Vegetative growth

with the participation of Golgi derived apical vesicles resemble

that of other fungi. Histolytlc activity evidenced by the

disruption of host cytoplasm occurs as the vegetative hypha

penetrates the epidermis. Histolytic activity combined with

mechanical penetration, seems to be evident in all stages of
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Infection of the crayfish, Astacus astacus, except one, where

only mechanical rupture could be seen (Nyhlen and Unestam,

1975)- In addition, in the mycoparasitic relationship between

Pythium acanthicum and Phycomyces blakesleeanus, the mode of

host penetration appears to be both enzymatic and mechanical

(Hoch and Fuller, 1977)- As penetration of the epidermis

continues, the epidermal membrane appears to be pushed inward,

but not pierced by the fungus. This is similar to that described

for L. coscinodisci by Schnepf et al. (1978a). The growing

vegetative hypha, on reaching the gut, appears to lack a cell

wall. However, a distinct cell wall is present in vegetative

hyphae which have completely consumed the brine shrimp, A.

salina. In L. coscinodisci (Schnepf et al., 1978a) the intra-

cellularly growing hyphae have no cell wall, with the exception

of the internal part of the Infection tube. The absence of

the cell wall suggests that the fungus might have a more

efficient m.eans for host consumption.

Within the body cavity of the host, the fungus releases

minute vesicles at the growing tip region. These vesicles

may be a reservoir for enzymes which are responsible for

histolytlc activity, subsequent host consumption, and eventual

death of the host. Also present in the body cavity of the

host are vegetative hyphae which are surrounded by a dense

amorphous material which may indicate encapsulation of the

fungus by the host. In a study of blood reactions in crayfish
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against the fungus, Aphanomyces astaci, there was immediate

attachment of blood cells to the fungal wall surface followed

by cellular encapsulation and induction of melanization on

the hyphal surface (Unestara and Nylund, 1972).

Based on my findings, I agree with Tharp and Bland's

(1977) assessment that H. milfordensis should be placed in

the order Lagenidiales and probably in the family Sirolpidiaceae.

This opinion is substantiated by the follov/ing.

1) Zoospores of H. milfordensis bear flagella that

are apically to subapically attached in a lateral groove; a

feature found in several members of the Lagenidiales.

2) The spines occurring on the cyst wall of H.

milfordensis differ from those described previously for mem-

bers of the Saprolegniales (Heath and Greenwood, 1970; Meier

and Webster, 195^) and are unique to the species.

3) The discharge apparatus of H. milfordensis is

basically similar to that of the genera Atkinsiella (Sparrow,

1973a), Leptolegniella, Olpidiopsis, Petersenia, Sirolpidium.

and Pontisma. These genera, except Leptolegniella, are non

vesicle-forming members of the order Lagenidiales.

4) The highly vacuolate, vegetative thallus of

H. milfordensis is characteristically lagenidiaceous and is

remarkably similar to that of Lagenidium callinectes (Bland

and Amerson, 19731*) •

5) The thallus of H. milfordensis fragments in a

fashion similar to Sirolpidium bryopsidis and Pontisma
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(Sparrow, i960), both members of the Lagenidiales.

Concerning infection and host-parasite relationship,

once the spores of H. milfordensis adhere to the substrate/

host via secreted amorphous material, the fungus has the

capability to secrete enzymes which are responsible for his-

tolytic activity, subsequent host consumption, and eventual

death of the host. Therefore, for controlling the fungus in

aquaculture, a means for counteracting this adhesive property

of the spore should be sought since this appears to be the

key to infection.
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