Fall, 2008

IMMUNITY AND ABROGATION OF THE HOST IMMUNE SYSTEM



An apparent major difference between invert and vert = innate (genetically determined) vs. acquired immunity (apparently absent in most insects)
I.
PHAGOCYTOSIS and HUMORAL responses are general responses, usually to smaller organisms such as pathogens.  



In phagocytosis, haematocytes (esp. plasmatocytes) kill invaders essentially by engulfing them.  



The term humoral is used for non-cellular responses, such as antigens resulting in lysis of the invader. 

Examples of possible humoral response include 



1) Phenol-oxidase pathways are important in host defense systems in insects, both in formation of a cellular capsule (encapsulation, discussed below) and in activity of lectins.  Lysis of crystal cells (a particlar class of hemocytes) produces a pro-phenoloxidase that is activated by proteolytic cleavage; leading to the cascade of chemical reactions that produce melanin (phenol oxidase acts on dopamine to form melanin.  Tyrosine essential for dopa-dopamine part of cascade, but there are also demands on tyrosine for reproduction.



2) fat body is more or less equivalent to mammalian liver: major producer of antibacterial humoral response. 


3) Hemolin protein binds very quickly to invasive bacteria in host hemolymph



4) cell aggregating factor, causing cells to aggregate in vicinity of parasitoid or an injury. 


5) Lectins are sugar-binding proteins capable of agglutinating cells, and are found in just about every life form.  They are generally considered to be a type of humoral response, though little is known about them. Agglutinins (lectins) and other cell binding factors are useful primarily for binding microbes.  



6) The spreading of plasmatocytes is important in their ability to encapsulate; and this spreading is due to an active factor in haemolymph (i.e. humoral) which differs in effectiveness among hosts.

See Dunn (1990) Bioscience 40:738-744.  Humoral immunity in Insects

II. ENCAPSULATION


According to Salt, "healthy insects encapsulate any parasite that invades their haemocoel unless it has and uses some specific means of avoiding that fate."  Thus encapsulation is a normal host response.  But: encapsulation is apparently absent in eggs, weak in first instars, and best developed in late instars and pupae.



In insects, haematocytes congregate around a parasitoid and flatten a bit.  Layers build up, resulting in a smooth-walled, consolidated capsule, and the capsule usually differentiates into 2-3 layers: an outer layer of moderately flattened but discrete cells which often return to the haemolymph; a middle layer in which cells become extremely flat, with occasional desmostomes for intercellular communication; and finally an inner layer which is often necrotic.  


The spreading of plasmatocytes is important in their ability to encapsulate; and evidence suggests that this spreading is due to an active factor in haemolymph (i.e. humoral).  Plasmatocytes are the primary cells involved in capsule formation in lepidopteran hosts, but in dipteran hosts, plasmatocytes apparently differentiate into lamellocytes prior to forming the cellular capsule (see Fellows and Godfray 2000).



Early studies on several parasitoid species provided solid evidence that parasitoid dies of oxygen depletion and possibly starvation (body could then be phagocytized).  Newer studies suggest that toxins may be secreted into the capsule to kill the parasitoid directly (see van Dreische textbook, 2007 edition)



In some Diptera and in some non-insect groups, capsules may also be formed by humoral (non-cellular) substances---melanin.  Melanization is a separate process from cellular capsules (rather than a by-product)---eg in Diabrotica, melanization preceeds and/or accompanies encapsulation; inhibition of melanization can block encapsulation.

Significance to biocontrol: 



If the parasitoid is not well-adapted to the host, the parasitoid you release in the field may do very poorly even though it was quite successful in the region from which it was originally collected.  This is because sometimes strains or geographic races of a single host species may react very differently to eggs of the parasitoid.

Examples:


1) Bathyplectes curculionis: one strain was heavily encapsulated by H. brunneipennis but not H. postica in California whereas another strain elicited < 15% encapsulation: Salt and vd Bosch (1967).


2) Aphidius ervi has host-switching problems


3) Cotesia flavipes on Diatraea saccharalis vs. Eoreuma loftini
III. AVOIDING HOST DEFENSES

1) Some live despite encapsulation.  eg  Diplazon.

2) The mother can hide her eggs from the haemocytes: parasitoid eggs deposited in CNS (eg ganglia in aphidiines agathidines, and monoembryonic Platygastridae) or organs (salivary gl.: Amblyteles), flight muscle, fat body, or gut (eg polyembryonic platygastrids).  

3) Eggs with glutinous layer (eg Anaphes on Lema: Maltby et al. 1973); or fibrous coat in Cardiochiles studied by Davies and Vinson (1986): special surface coating.  Kraaijeveld and van Alphen (1994): Asobara tabida and Drosophila subobscura: no encapsulation, but A. tabida and D. melanogaster = normal encapsulation (13-26% virulence), but S. European pops can avoid encapsulation even better (61-94% virulence).  Egg has fibrous coat that adheres to fat body and when maggot moves, egg embeds.  

4) Superparasitism: laying so many eggs that defenses are overwhelmed.  Realization of adaptive value of superparasitism started in mid 1980s.



a) laying of smaller clutches on parasitized hosts has been reported for several gregarious parasitoids (e.g. Wylie 1965)



b) self-superparasitism may be favorable when risk of attack by conspecific is high.



c) there's an increased tendency to reject parasitized hosts when unparasitized hosts are abundant (work done by Dutch school mid 70's -mid 80's).



d) See also paper by Strand and Godfray. 

5) Oviposition in host egg or first instar.

6) Tracheal connection to exterior (eg tachinids).

7) Teratocytes/trophamnion to weaken host defenses (see separate handout).  The precise role of teratocytes is still a matter of some debate.  Ingestion clearly occurs is some species, but this may be subsequent to other activities because teratocytes secrete substances that may play a role in developmental alteration, immune suppression, and/or nutrition.

8) Paralyzing and non-paralyzing venoms: ectoparasitic braconids often immobilize their hosts with a venom (reviewed by Beard, 1978; Shaw, 1983; Piek, 1986), these are paralyzing venoms.  Advantages of permanent paralysis for ectoparasitoid: host unable to attack or otherwise injure exposed parasitoid egg or larva; for temporary paralysis (ecto and endoparasitoids): keeps host from shaking off parasitoid during oviposition.



Ecto and endoparasitoids may inject additional substances (usually glandular secretions) into hosts during oviposition sequence.  These diverse substances are sometimes referred to as non-paralyzing venoms.  Dependency on venom by Microplitis demolitor varies between host species, and there is a definite dosage-dependent response (Strand and Dover 1991).





These and other findings also suggest that host ranges may be bounded to some extent by venom activity and that venom quality is thus important in the evolution of host associations.  



Venoms of some braconids are important in facilitating the function of polydna viruses (synergist).  This is in apparent contrast to polydnavirus-bearing ichneumonids, whose venom gland products seem to be unnecessary for successful parasitism.  This leads us to the last item:

9) Polydnaviruses and similar micro-organisms important in helping to overcome host immune systems.



Older reviews: Fleming (1992) Ann. Rev. Entomol.; Stoltz and Whitfield (1992, J. Hymen. Res, vol. 1); Krell (1991): Atlas of Invertebrate Viruses; Summers and Dib-Hajj (1995).

see also: Pennachio and Strand, 2006, Annual Rev. Ent.; Whitfield (2002, PNAS: estimating age of the pdv/wasp relationship).

Particles in Campoletis were initially classified as baculoviruses, then eventually discovered to be quite unique, consisting of numerous DNA rings.  Polydnaviridae proposed by Stoltz, Krell, Summers, and Vinson in 1984.  This name specifically applies to the virus in C. sonorensis, one of only a relatively few polydnaviruses adequately characterized to date.

Polydnaviruses are found in certain subfamilies of Braconidae and a couple of subfamilies of Ichneumonidae, but nowhere else. Ichneumonids (Polydnavirus): Campopleginae and Banchinae. Braconids (Bracnovirus: name accepted in 1990): Cardiochilinae, Microgastrinae, Cheloninae (and several smaller, closely related subfamilies).  

Genomes of both genera/families consist of a group of polydisperse, single-stranded circular DNA, replicated only in the female calyx but present in both male and female tissues.  Doesn't replicate in host tissue (hosts are lepidopteran larvae and at least one sawfly), but is expressed there.  Only limited DNA homology among major and minor DNA circles.  Work in 2008 by a group of researchers in France demonstrated that bracnoviruses are essentially members of the Nudivirus group of viruses.  

All replication takes place in the calyx region, which is part of the lateral oviduct of the female wasp; the viruses then pass down the lateral oviduct and into the common oviduct and finally are released into the host along with the parasitoid egg.

Functions: 

1) in hosts affected by polydnaviruses, many blood cells disappear and those left don't spread or adhere well; according to Strand, Plasmatocytes and Granulocytes are specifically targeted (at least one gene family within polydnaviruses is responsible for massive programmed cell death).

2) contributes to many endocrine changes within the host, for example by altering corpora allata activity; this results in such things as precocious metamorphosis and other developmental alterations.

3) alter host nutritional physiology

3) directly attack the prothoracic gland and arrests development of 5th instar host

Other virus or virus-like particles have been discovered in Meterous and euphorines, agathidines, some Opiinae, Ctenopelmatinae, and in eucoiline figitids, Rizki and Rizki (1984) found viruses in "accessory gland"  transmitted by Leptopilina to Drosophila that destroy lamellocytes in hemolymph.

