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ABSTRACT. Heterovesicula cowuni, n. g., n. sp., is a dimorphic microsporidium described from the adipose tissue of the Mormon 
cricket, Anabrus simplex Haldeman. Proliferation of the microsporidium is by karyokinesis of uninucleate and binucleate cells to form 
binucleate and tetranucleate cells, respectively. These cells will undergo binary fission (merogony). Ultimately, the meronts undergo 
karyolunesis without subsequent cytokinesis producing spherical multinucleate plasmodia that are transitional to 2 types of sporogony. 
Transitional to disporoblastic sporogony, a fragile interfacial envelope delaminates from the plasmodium with morphogenesis to a 
monfiliform plasmodium consisting of fusiform binucleate diplokaryotic sporonts. These undergo karyokinesis to form tetranucleate 
diplokaryotic sporonts that undergo cytokinesis during disintegration of the plasmodium into isolated binucleate sporonts. Transitional 
to octosporoblastic sporogony. multinucleate plasmodia disintegrate into short monofiliform plasmodia of diplokaryotic sporonts which 
then segregate while undergoing gradual nuclear dissociation (haplosis by nuclear dissociation). These undergo two sequences of 
karyokinesis and subsequent multiple fission to form eight uninucleate (haploid) sporoblasts in a fusiform arrangement within a persistent 
envelope. Binucleate spores are ovocylindrical. about 5.4 x 1.7 Fm (fresh), with an isofilar polar filament singly coiled about 11 turns. 
Uninucleate spores are ovoid to slightly pyriform. 4.0 x 1.7 pm (fresh). with an isofilar filament singly coiled about 9 turns. A new 
family, Heterovesculidae. is proposed for the new genus. 

Supplementary key words. Dimorphism. interfacial envelope. Nosema, polymorphism, Vairimorpha. 

ISTORICALLY, Mormon crickets. Anabrus simples H Haldeman, 1852, have been occasional pests of range- 
lands and crops in western United States [l]. Control usually 
has been by cultural tactics in the early days or more recently 
by application of chemical insecticides. An initial attempt to 
use the grasshopper microsporidium Nosema locustae Canning, 
as a control agent of Mormon crickets was camed out by Henry 
and Onsager [3]. During the course of further studies of h’. 
locusrae against Mormon crickets. MacVean and Capinera [5] 
discovered another microsporidium causing infections in A .  
simplex. The new parasite, which appears to show good poten- 
tial as a microbial control agent of Mormon crickets [6], was 
tentatively considered a species of Lairiinorpha Pilley, 1976. 
However, a more extensive study has shown that the charac- 
teristics of the microsporidium do not permit its inclusion in 
any of the currently recognized genera of microsporidia. The 
following is a description of the previously undescribed micro- 
sporidium we are proposing to name Heterovesicula cowani n. 
g., n. sp. The new taxon Heterovesiculidae n.  fam. is also pro- 
posed because H .  cowani does not fit into any of the established 
microsporidian families. The terminology used in this paper for 
the various stages and structures of the microsporidia, as well 
as the classification for the phylum. follows the recommenda- 
tions by Sprague, Becnel and Hazard [7]. 

MATERIALS AND METHODS 
The microsporidium reported here was discovered in 1985 

by MacVean and Capinera [5] in adult Mormon crickets near 
Dinosaur National Monument (Colorado/Utah). The infected 
insects showed sluggish behavior and a moribund condition. 

The “per 0s” standard inoculation protocol utilized to chal- 
lenge grasshoppers with spore suspensions of microsporidia [2] 
was used to successfully induce infections in healthy crickets. 
After dissection of insects, infections were diagnosed by phase 
contrast microscopic examinations of fresh mounts from dif- 

I To whom correspondence should be addressed. 

ferent tissues and organs. Fresh mounts were also used for mea- 
surement of spores and interfacial envelopes with a filar mi- 
crometer. Giemsa stained smears and preparations for trans- 
mission electron microscopy (TEM) were performed as recently 
described by Wang, Streett and Henry [9]. 

RESULTS 
Light microscopy studies. The adipose tissue was the main 

site of development of the parasite. The Malpighian tubules also 
were invaded but only in advanced infections. In heavy infec- 
tions, the cytoplasm of fat body cells was occupied by numerous 
developmental stages and spores (Fig. 1). The accumulation of 
parasites in the cytoplasm caused hypertrophy and fragility of 
the hosts cells. As a result, heavily infected fat bodies were larger 
than normal and were easily disrupted. 

Binucleate cells with nuclei in a diplokaryotic arrangement 
(Fig. 2 )  were predominant in the adipose tissue of insects sup- 
posedly at an early stage of infection. Proliferation ofthe parasite 
at this point was by binary fission (Fig. 3) of tetranucleate stages 
with paired nuclei (Fig. 4). Deeply stained bodies that appeared 
to be uninucleate were observed (Fig. 5) and probably were 
products of binary fission of binucleate meronts. Repeated 
karyokinesis without immediate subsequent cytokinesis of di- 
plokaryotic cells resulted in the production of plasmodia with 
numerous paired nuclei (Fig. 6, 7). Following the plasmodium 
stage, two different sequences of development occurred that led 
to the formation of two distinct morphological types of spores. 
The disporoblastic sequence which occurred predominately dur- 
ing earlier stages of infection results in the formation of larger, 
binucleated spores (Fig. 8-1 3). While in the octosporoblastic 
sequence that occurred predominately at later stages of infection 
would produce smaller. uninucleated spores retained in groups 
of eight by a persistent membrane that was only visible at the 
ultrastructural level (Fig. 13-1 9). The maintenance of infected 
insects at relatively low temperatures (20-22” C) appeared to 
maintain the disporoblastic sequence condition longer. 

Long ribbons or chains composed of somewhat fusiform bod- 
ies, each with a diplokaryon, were produced from the plasmodia 
during the transition to disporoblastic sporogony (Fig. 8). Each 
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component of a ribbon was connected to others by their ends. 
The diplokaryon in each cell divided to form tetranucleate di- 
plokaryotic sporonts before chains separated into components 
(Fig. 9). After the ribbons were detached, tetranucleate sporonts 
underwent cytoplasmic fission (Fig. 10) to form diplokaryotic 
sporoblasts (Fig. 1 1). Fresh mature spores (Fig. 12) were ovo- 
cylindrical and measured (mean * SE) 5.4 f 0.09 pm by 2.3 
? 0.04 pm (n = 30). Occasionally, spherical clumps of these 
spores, of variable size and numbers, were observed, particularly 
in the Malpighian tubules in later stages of infection. 

During transition to octosporoblastic sporogony, chain-like 
stage were also produced (along with binucleated fusiform stages) 
from diplokaryotic plasmodia by a process of multiple fission 
(Fig. 13). However, nuclei of the cells during chain formation 
did not remain in close association but gradually dissociated 
(Fig. 13, 14). The chain apparently becomes detached, and the 
dissociated nuclei divided to form a tetranucleate sporont (Fig. 
1 9 ,  and later an elongate octonucleate sporont (Fig. 16). These 
stages undergo multiple fission to form eight typically rounded 
sporoblasts (Fig. 17). Interfacial envelopes (= sporophorous ves- 
icles), always bearing eight spores, were fusiform (Fig. 18, 19), 
and measured 18.0 k 0.01 pm by 4.8 k 0.04 pm (n = 30) while 
fresh. Mature, fresh spores were slightly pyriform (Fig. 12) and 
measured 4.0 I 0.05 pm by 1.7 f 0.02 pm (n = 30). 

Electron microscopy studies. Meronts, as recently defined by 
Sprague, Becnel and Hazard [7], were typical of the microspor- 
idia (Fig. 20). Their shape ranged from rounded to elliptical and 
they showed from two to many nuclei. Diplokaryotic plasmodia 
in transition from merogony to disporoblastic sporogony were 
recognized by observation of three simultaneous events: gradual 
transformation into a chain or ribbon-shape stage with diplo- 
karyotic nuclei; gradual deposition of new material on the sur- 
face of the plasmalemma; increasing definition of the cisternae 
of rough endoplasmic reticulum in concentric layers around the 
nuclei (Fig. 2 1, 22). The deposition of electron-dense granules 
toward thickening of the cell membrane began simultaneously 
inside small vesicles over the entire surface of the transitional 
stage. The vesicles appeared to result from delamination of an 
outer and an inner layer of a doubled membrane (Fig. 2 1). Under 
favorable plane of section the deposited material showed a re- 
ticular appearance (Fig. 22, 24). Further progressive deposition 
of granules along the external surface of the inner layer, together 
with increased detachment of the outer layer (Fig. 22), ultimately 
resulted in the formation of large, irregularly shaped interfacial 
envelopes that contained a variable number of sporoblasts (Fig. 
1,  23). The outer layer of the transitional plasmodium’s mem- 
brane became the fragile, nonpersistent interfacial envelope. 
Chain stages (Fig. 22) were markedly coiled and so sections were 
not appropriate to reveal their length and number of nuclei. 
Multiple fission of the chain-shaped, diplokaryotic transitional 
plasmodium into binucleated sporonts appeared to be condi- 
tioned by completion of the thickening of the plasmalemma 
around the stage (Fig. 22). Appearance of polar filament pri- 
mordia was a relatively early event that occurred soon after 
fission of plasmodia with the resulting cells then becoming spo- 
roblasts (Fig. 23). Sporoblasts showed diplokaryotic nuclei, cis- 
ternae of rough endoplasmic reticulum arranged in well defined 
concentric layers around the nuclei, a posterior vacuole, and 
polaroplast/polar filament primordia (Fig. 25). Mature spores 
(Fig. 26) also were diplokaryotic with a well developed polar- 
oplast and an isofilar polar filament having a maximum of I 1  
coils (Fig. 27). 

Defined stages in transition from merogony to octosporo- 
blastic sporogony were not observed with the electron micro- 
scope. Transitional stages from plasmodium to formation of 
late sporonts were common in light microscopy. Typically, stages 

Fig. 1. Developmental stages and spores of the disporoblastic se- 
quence of development o f  Heterovesicula cowarii n. g.. n. sp. infecting 
the fat body o f  Anabrus simplex. Toluidine blue stained TEM semi- 
thin section under light microscopy. Bar = 5 Km. d,  developmental 
stage; e, interfacial envelope; N, host cell nucleus: s. spore; sp, sporoblast. 

undergoing dissociation were very vacuolated (Fig. 14) which 
may account for possible disruption during fixation for electron 
microscopy. The earliest stages of octosporoblastic sporogony 
observed were elongate interfacial envelopes showing no more 
than seven rounded, uninucleated sporonts (Fig. 28). The ep- 
isporontal space of the envelopes showed a dense matrix and 
an abundance of tubular structures. A gradual reduction in the 
presence of tubular structures was observed with progress in 
development. Tubular structures were scarce in the episporontal 
space when primordia of polar filaments were detected in the 
sporonts (thus becoming sporoblasts) (Fig. 29). Tubular struc- 
tures were almost absent in more advanced interfacial envelopes 
(Fig. 30). Mature spores were slightly pyriform in shape, un- 
inucleated, and showed a well developed polaroplast, a posterior 
vacuole, and a maximum of nine coils of the isofilar polar fil- 
ament (Fig. 30). 
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Fig. 2-19. Developmental stages, spores. and interfacial envelopes of Heterovesiculu cowani n. g., n. sp. in Giemsa-stained smears (2-11, 13- 
18) and fresh mounts (12. phase-contrast; 19. Nomarski differential interference contrast). Bars = 5 r m .  2. Meront with two nuclei. 3. Tetranucleate 
rneront undergoing binary fission stages. 4. Tetranucleate meront. 5 .  Uninucleate. 6 .  Octonucleate merogonial plasmodium. 7. Meront with 16 
nuclei. 8. Chain-like plasmodium in transition to disporoblastic sporogony. Each section of plasmodium has two nuclei in diplokaryotic arrange- 
ment. 9.  Two segments of chain-like plasmodium (presumably on top of each other) that are undergoing transition to disporoblastic sporogony. 
Each section of plasmodium has four nuclei in diplokaryotic arrangement. 10. Tetranucleate diplokaryotic sporont of the disporoblastic sequence 
undergoing binaq fission. 11. Diplokaryotic sporoblasts (sp) and mature spores (s). 12. Larger, free spores of the disporoblastic sequence (arrows) 
and an interfacial envelope of the octosporoblastic sequence (arrowheads) containing eight slightly pyriform spores. 13. Transitional plasmodium 
to octosporoblastic sporogony undergoing multiple fission and initial dissociation of diplokaryotic nuclei. 14. Transitional plasmodium to 
octosporoblastic plasmodium showing further cytoplasmic fission and nuclear dissociation. 15. Sporont with four isolated nuclei. 16. Fusiform 
sporont with eight isolated nuclei. 17. Fusiform interfacial envelope with eight rounded, uninucleated sporoblasts. 18. Fusiform interfacial envelope 
with eight mature uninucleate spores. 19. A fusiform interfacial envelope containing eight slightly pyriform, uninucleate spores along with three 
larger, ovocylindrical. bin ucleate spores. 
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DISCUSSION 
The ability to develop spores of two or more different normal 

morphologies (dimorphism or polymorphism) is relatively com- 
mon within the phylum Microspora. The parasite reported here 
should be compared to other microsporidia showing spore poly- 
morphism because presence/absence of dimorphic or polymor- 
phic development is considered to be of fundamental impor- 
tance in the characterization of any given microsporidium. Ac- 
cording to the latest revision of the phylum [7], true polymor- 
phism has been reported in the following genera: Amblyospora 
Hazard & Oldacre, 1975, Burenella Jouvenaz & Hazard, 1978, 
Cristulospora Khodzhaeva & Issi, 1989, Culicospora Weiser, 
1977, Culicosporella Weiser, 1977, Edhazardia Becnel, Sprague 
& Fukuda, 1989, Evlachovaia Voronin & Issi, 1986, Golbergia 
Weiser, 1977, Hazardia Weiser, 1977, Parathelohania Cod- 
reanu, 1966, Pilosporella Hazard & Oldacre, 1975, Spraguea 
Weissenberg, 1976, Tricornia Pel1 & Canning, 1992, and Vair- 
imorpha Pilley, 1976. Sweeney, Doggett, and Piper [8] have just 
proved polymorphism in a species of Duboscqia Perez, 1908. 
Recently, dimorphism was also reported for Nosema Naegeli, 
1857 [4]. However, as stated by Sprague, Becnel, and Hazard 
[7], the kind of dimorphism in Nosema (anisometric disconti- 
nuity within a single morphological type of spore) must not be 
confused with the more familiar dimorphism found in other 
genera (two fundamentally different morphological types of 
spores: binucleate “Nosema-type’’ and uninucleate “Thelohan- 
ia- type”). 

The microsporidium in A. simplex can not be included in any 
ofthe genera mentioned above. It is different from Amblyospora, 
Cristulospora, Culicosporella, Duboscqiu, Parathelohania, and 
Tricornia because these six genera develop three distinct mor- 
phological types of spores (trimorphosporous) with meiospores 
in interfacial envelopes and binucleate spores isolated (in Cul- 
icosporella, one of the two types ofbinucleate spores occur inside 
interfacial envelopes). Spragueu, Golbergia, and Hazardia de- 
velop two types of spores (dimorphosporous), as does the mi- 
crosporidium in A .  sirnp1e.q but interfacial envelopes are absent. 
Burenella, Culicospora, Edhamrdiu, Evlachovaia, Pilosporellu, 
and Vairimorpha also form two distinct morphological types of 
spores, but only uninucleate spores are formed in interfacial 
envelopes while binucleate spores are not. The dimorphospo- 
rous microsporidium in A. simplex is unique in the sense that 
both morphological types of spores develop inside interfacial 
envelopes. Uninucleate spores occur in groups of eight within 
fusiform, persistent interfacial envelopes whereas binucleate 
spores occur in variable numbers inside irregularly-shaped non- 
persistent interfacial envelopes. The fusiform, persistent inter- 
facial envelopes that develop during the octosporoblastic se- 
quence also differentiate the microsporidium here described from 
other relatively well known dimorphosporous genera having 
interfacial envelopes (i.e. Burenella, Culicospora, Edhazardia, 
Vairimorpha). Finally, although host affinity or specificity is 
generally recognized as of limited value for taxonomic purposes 
within the Microspora, the host of the parasite here described 
is in a different insect order from the other described polymor- 
phic genera of microsporidia. Most of these genera are from 
aquatic Diptera where they occur as monoxenous or heterox- 
enous parasites (i.e. Amblyospora, Cristulospora, Culicospora, 
Culicosporella, Edhazardia, Evlachovaia, Golbergia, Hazardia, 
Parathelohania, Pilosporella, and Tricornia). Two closely re- 
lated genera, Burenella and Vairirnorpha, are known for Hy- 
menoptera and Lepidoptera/Hymenoptera, respectively. Spra- 
guea, parasitic in lophiid fish, is the only known polymorphic 
genus having a non-insect host. 

The creation of a new genus, Heterovesicula, is proposed with 

H. cowani as the type species based on the characteristics and 
the aforementioned differences between the microsporidium 
from A.  simplex and other known dimorphic or polymorphic 
genera. The generic name is derived from the Greek Hetero = 

different, and the Latin vesicular = vesicle, referring to the two 
distinct types of interfacial envelopes (= sporophorous vesicles) 
formed during development. The species name is after F. T. 
Cowan, a pioneer in the study of Mormon crickets. Diagnosis 
for the genus is as follows: 

Heterovesicula n. g. 
Merogony. Meronts in hyaloplasm of host cell proliferate by 

binary fission until the formation of a plasmodium stage. 
Transition to sporogony. Preceding disporoblastic sporogo- 

ny, rounded merogonial plasmodium transform into chain or 
ribbon-shaped stage with diplokaryotic nuclei and concurrent 
formation of a delicate interfacial envelope. Preceding octospo- 
roblastic sporogony, rounded merogonial plasmodium trans- 
form into shorter chain or ribbon-shaped stage with gradual 
dissociation of paired nuclei. 

Sporogony. During disporoblastic sequence, tetranucleate di- 
plokaryotic sporonts resulting from multiple fission of the same 
original plasmodium and inside delicate interfacial envelopes 
undergo binary fission to form diplokaryotic sporoblasts. During 
octosporoblastic sequence, binucleate sporonts with isolate nu- 
clei undergo karyokinesis until an octonucleate fusiform stage 
is reached. A uninucleate sporoblast develops from each nucle- 
us, and the eight sporoblasts remain inside a robust interfacial 
envelope. 

Spores. Two morphological types of spores are produced, 
uninucleate and binucleate. Eight uninucleate spores form inside 
a persistent interfacial envelope. Variable numbers of binucleate 
spores form inside nonpersistent interfacial envelopes. 

Heterovesicula cowani n. sp. (type species) 
Synonymy. Vairimorpha sp. MacVean & Capinera. 199 1 [ 5 ] .  
Type host. Anabrus simplex Haldeman, 1852 (Orthoptera: 

Tettigoniidae). 
Type locality. Dinosaur National Monument, Colorado/Utah, 

USA. 
Site of infection. Adipose tissue. Malpighian tubules in ad- 

vanced infections. 
Development. As for the genus. 
Spores. Binucleate spores are ovocylindrical, (mean dimen- 

sions: 5.4 x 2.3 rm), with a maximum of 1 1 coils of an isofilar 
polar filament, and are contained in variable numbers inside 
nonpersistent, irregularly-shaped interfacial envelopes. Uni- 
nucleate spores are slightly pyriform, smaller (mean dimensions: 
4.0 x 1.7 rm), with a maximum of nine coils of an isofilar polar 
filament. Eight spores are contained in a persistent fusiform 
interfacial envelope. 

Type material. Slides will be deposited in the USDNARS 
Rangeland Insect Laboratory, Bozeman, Montana, and in the 
International Protozoan Type Slide Collection, National Mu- 
seum of Natural History, Washington. D.C. 

In the recent extensive revision of the phylum Microspora by 
Sprague, Becnel and Hazard [7], the authors proposed using 
interfacial characters (features that characterize the region of 
contact between parasite and host cell) extensively in defining 
families, Following this criterium, Heterovesicula cowani cannot 
be included in any of the currently established families because 
no other dimorphosporous microsporidium is known to develop 
two different morphological types of interfacial envelopes. We 
propose the new taxon Heterovesiculidae n. fam. for dimor- 
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Fig. 28-31. Interfacial envelopes, sporoblasts, and spores of the octosporoblastic sporogony of Heterovesiculu cowuni n. g., n. sp. TEM. Bars 
= 1 pm. 28. Interfacial envelope containing seven sporonts and an abundance of tubular structures in the episporontal space. 29. Interfacial 
envelope containing six sporoblasts (polar filament primordia present) and a dense episporontal matrix with few tubular structures. 30. Interfacial 
envelope showing five sporoblasts in advanced stage of sporogenesis. 31. Mature, uninucleate, slightly pyriform spore. e, interfacial envelope; f, 
polar filament; m, tubular structures; n, nucleus; P, polaroplast; p, polar filament primordia; sp, sporont; v, posterior vacuole. 

t 

Fig. 20-27. Transmission electron microscopy showing merogony, transition to sporogony, sporoblasts, and spores of the disporoblastic 
sporogony for Heterovesiculu cowuni n. g., n. sp. 20. Binucleate meront. Bar = 1 pm. 21. Transitional diplokaryotic plasmodium showing initial 
stages of chain formation, appearance of vesicles on the surface of the plasmalemma (arrowheads), and arrangement of rough endoplasmic 
reticulum in concentric layers around nuclei. Bar = 1 pm. Inset: Vesicles enveloping electron-dense granules that are being deposited against the 
external surface of the inner layer of the plasmalemma. Bar = 0.1 pm. 22. A more advanced transitional stage showing deposition of electron- 
dense material, separation of the outer layer of the plasmalemma (arrowheads), and the definition of concentric layers of rough endoplasmic 
reticulum. Bar = 1 pm. 23. Interfacial envelope with 24 sporoblasts (5 of which are binucleated). Bar = 1 pm. 24. Reticular appearance of electron- 
dense material deposited on the surface of a sporont. Bar = 0.5 pm. 25. Sporoblast. Bar = 1 pm. 26. Mature spore. Bar = 1 pm. 27. Part of a 
mature spore showing coils of polar filament. Bar = 0.1 pm. e, interfacial envelope; f, polar filament; n, nucleus; p, polar filament primordia; P, 
polaroplast; r, rough endoplasmic reticulum; v, posterior vacuole. 
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phosporus microsporidia that produce two different types of 
spores (uninucleate and binucleate) in  two distinct kinds of in- 
terfacial envelopes, respectively. 
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Analysis of the Soluble and Membrane-bound Immobilization Antigens of 
Ic h t h yop h t h irius m ult if 1% 

CHUNHUI XU, THEODORE G .  CLARK, ADAM A. LEFF and HARRY W. DICKERSON’ 
Departriienr of ,\fedicaI .Microbiolog?~. C’niversitji of Georgia, Athens, GA 30602 

ABSTRACT. The immobilization antigens (i-antigens) are a class of highly abundant surface membrane proteins found on a number 
of holotrich ciliates. In Ichthyophthirius rnztlttfiIiis (an obligate parasite of fish) these antigens appear to be targets of the host immune 
response. While the i-antigens of Ichthj~ophthirizis are predominantly membrane-associated proteins, we now find that they are released 
into the water surrounding the parasite in a highly enriched form. The membrane-associated and water soluble proteins appear 
indistinguishable by antigenic means. as well as by several biochemical criteria including peptide mapping, mobility in reducing and 
non-reducing SDS-polyacrylamide gels, and relative glycosylation. Antibodies raised against the membrane-associated antigens react 
with the water soluble proteins on Western blots. Not surprisingly, immunocytochemical localization studies show binding of these 
antibodies to surface membranes of the cell. In addition. however, antibody binding is also detectible on the membranes of a secretory 
organelle (that is, mucocysts) present in  the cortical cytoplasm. The significance of these findings with regard to the potential role of 
the i-antigens in infection and immunity is discussed. 

Supplementary key words. Ciliate. mucocysts, parasite, peptide mapping, surface antigen expression. 

number of  holotrich ciliates have major surface proteins A which elicit the production of immobilizing antisera when 
injected into rabbits. These proteins, referred t o  as immobili- 
zation antigens (or i-antigens), have been extensively studied in  
Paramecium and Tetrahymena. where they undergo variation 
in expression in response to changes in environmental stimuli 
[for review, see 6,25-271. While the i-antigens of the free-living 
ciliates are predominantly amphophilic proteins bound to  the 
plasma membrane either as  integral membrane proteins or 
through a glycosyl-phosphatidylinositol (GPI) anchor [ 1 ,4 ,  191, 
soluble forms of these antigens have also been described [5]. 

We have recently found that i-antigens are present on  the 
surface of Ichthj*ophthirius rnulti’filiis (more commonly known 
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as  Ich), a n  obligate parasite of  freshwater fish [22, 231. In this 
system, the i-antigens are targets of the host immune response, 
and are being studied in connection with their potential role in 
infection and immunity. The  i-antigens of  I .  rnultifiliis have 
been characterized as  a family of  antigenically related polypep- 
tides in  the 40-60 kDa range. These proteins have been localized 
to  the cell surface by immunoflourescence microscopy and can 
be extracted quantitatively from whole cells with non-ionic de- 
tergents [7, 131. Furthermore, the genes for these proteins encode 
hydrophobic signal peptides characteristic of membrane or se- 
cretory proteins [ lo] .  Northern hybridization studies have nev- 
ertheless shown that i-antigen transcripts accumulate t o  roughly 
6% of the polyA+ R N A  of I .  r?iulti’ji/iis theronts, a level a t  least 
twice that expected based on the proportion of i-antigens as 
total cell protein [ 10, 131. While this might suggest that i-antigen 
expression is under translation control, a n  alternative possibility 
is that the proteins themselves are released from cells. 

Here we demonstrate that i-antigens are indeed shed into the 


