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CIRCULATORY SYSTEMS OF HUMANS + INSECTS
HUMANS INSECTS
. Closed system with blood 1. Open system-hemocoel
vessels (capillaries, veins, Dorsal blood vessel
arteries) und heart
2. Heart is locale venlrally 2. Heart and aorta are dorsal
3. Red blood cells carry oxygen 3. No red blood cells.
and carbon dioxide, Usea Some insects have hemoglobin,
hemoglobin carrier molecule Oxvgen delivered by tracheal
system
4. Have u true immune response, 4. Do not have a long-term immune
long-term recognition system recoEnition syslem
Acquired immunity Mo acquired immunity
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SEM of the heart and the
surrounding pericardial cells.
Maotice the massive network of
trachey, the globolar fat body, TRACHEA
and the intersegmental muscles !
elween o abdominal '
sclerites. Motice the heart
Appears as a series of
lomgitudinal museles.
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REFLEX BLEEDING

Cantharadin produced by certain beetles, using a reflex
action known as reflex bleeding (see arrows), 15 a powerful
untifeedant compound

to various predators and vesciculating compound.

Lady beetles also perform reflex bleeding when disturbed
bv a predator. They are also aposematically colored. thus
helping the predalor to learn
to avoid them. They over
winter in large aggregations,
thus coloration should work
in a group eftect to prevent
feeding by the predator.
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Proteins found in insect hemolymph

Storage proteins

Lipophorins or lipid transport proteins
Proteins (aken up by the ovary (e.g., vitellogenin)
Antibacterial and antifungal proteins
Lectins

Protease inhibitors

Enzymes

Peptides

. Chromoproteins

10. Transport proteins

11.1ce nueleators

12.Heat shock and cold shock proteins
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e
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Hemocytes are generally classified according to their size, shape, nuclear
characteristics, cytoplasmic inclusions, and presumed function.
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Prohemocytes are the small, round cells that contain a large nucleus and do not
engage in phagocytosis. These cells are believed to be the stem cells that
postembryonically give rise to other types.

Plasmatocytes are larger, more ameboid, pleiomorphic cells with a nucleus
surrounded by large amounts of cytoplasm. Plasmatocytes are usually among the
most abundant of the hemocytes and are frequently engaged in phagocytosis.

Granulocytes are compact cells with a small nucleus surrounded by a large
cytoplasm with abundant granules and may differentiate into the remaining
granulocyte types.

Adipohemocytes are round cells containing a small nucleus surrounded by a large
amount of cytoplasm that contains a number of lipid vacuoles.

Spherule cells are nonmotile and also have large inclusions that may obscure the
appearance of the small nucleus.

Oenocytoids are ovoid and variable in size with a small nucleus and a large
complex cytoplasm. They are also nonmoaitile.
Cystocytes are fragile cells that rapidly degenerate upon fixation.
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A slightly different terminology has been adopted to describe the hemocytes in
Drosophila. In addition to the prohemocyte stem cells, macrophages, a form of
plasmatocyte, are present in Drosophila embryos. In the larval stages,
plasmatocytes and two additional cell types, lamellocytes and crystal cells, have
been reported. Lamellocytes have only been observed in larvae and appear in
massive numbers after an immune challenge. They appear to be phagocytic like
the plasmatocytes and can also isolate invading cells by encapsulation. Eggs that
are commonly laid in larval dipterans by hymenopterous parasites are
encapsulated and walled off by lamellocytes. The crystal cells are more similar to
the oenocytoids of other insects and are unable to adhere to foreign surfaces.
They are present in low numbers of less than 50 per larva, increasing slightly
during the latter part of the third instar and then declining again. Plasmatocytes are
the only hemocytes in adult Drosophila. Their numbers range between 1000 to
2000 per adult insect.
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The anterior and posterior lobes of the lymph gland contain plasmatocytes
that appear to be the same as those in circulation, in addition to crystal cells
and prohemocytes. The plasmatocytes disperse throughout the embryo and
are responsible for the phagocytosis of apoptotic cells, and the crystal cells
participate in the melanization of invading pathogens. Crystal cells contain a
prophenoloxidase and, when lysed, release the active enzyme that catalyzes
the synthesis of melanin.

The lymph glands disappear during the pupal stage and adult hemocytes are
carried over from those produced during the larval stage. No adult
hematopoietic organ has been identifi ed, and adult hemocytes do not undergo
cell division.
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TEM of prohemaocyte
These hemocytes are
considered “stem cells’
and give rise to other
types of blood cells.
IMPORTANT-Note
That thers is no basement
matrix or *sell” around
hemocytes but, that this
layer surrcunds every
other cell or tissue

e nsects, Withouot this
matrix, the hemocytes
recognize it as [oreign and
cither cneapsulate or
phagocytize it..
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Examples of microbial-associated PAMPs include:

a. lipopolysaccharide (LPS) from the outer membrane of the gram-negative cell wall;

b. bacterial lipoproteins and lipopeptides;

c. porins in the outer membrane of the gram-negative cell wall;

d. peptidoglycan found abundantly in the gram-positive cell wall and to a lesser degree in the gram-
negative cell wall;

e. lipoteichoic acids found in the gram-positive cell wall;

f. lipoarabinomannan found in acid-fast cell walls

g. mannose-rich glycans h. flagellin found in bacterial flagella;

i. bacterial and viral nucleic acid. j. N-formylmethionine, an amino acid common to bacterial proteins;
k. double-stranded viral RNA unique to many viruses in some stage of their replication;

I. single-stranded viral RNA from many’ viruses having an RNA genome;

m. lipoteichoic acids, glycolipids, and zymosan from yeast cell walls; and

n. phosphorylcholine and other lipids common to microbial membranes
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Pattern-Recognition Receptors (PRRSs)
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FIGURE 2.3 Humora and cellular recepiors involved in recognition of forelpn invacders by
inzzct hemooytes, [n Dvosopiida and the mosquitnn Avopheles gaoihiae, soluble and cellular forms of
Theam and TEP prateins hind and opsonize several differcnt miceabes, Maosgoita TEP and TRIM
proteins are alse invelved in Killing Plassiedicm and possibly other protozoans, Mher humoeral recep-
tors with recopnitdon and opsonizng actvitles indude LPSBPs, GXBP:, and PGRPs. Homelogs of
these prsteins have been ident el Trom several insect species wod shown o ind Sillerent bacenia wl
fungi, lin Phrevopbiie, hinding of rricenbial ligands hy POR-SA and S50 alsa stimulates peotond yric
processing of ProSpaetzlz (P-oSPE) w form the oviokine Spastzle (SPL) which cotivates the Toll
pathiway, Ancther suluble receplor, hemolin, @5 koows only feom Lepidoptera, Innuncleciizs [room
slitaes

Lepidaptesa also Hicd bactenia and nematades, and faom conr plexes with PC thar patentially fa
Inzalized depesiticn of maanin o the surface of micronrganisms, semarsdes, and pasmsitoids.
In Dwosephlia, several cellelar recepiors including Eater, Peste, d3CRL, and PGRP-LC with is
vo-receplor PORP.LE bind bacleria The CD36 homlow Croguemaort wedistes uplake of upoplodic
hadies in .l':'."rr'u'l|r.l.r|f|r-.l whi'e: [LRPL has a sio lar funerio in An. _?;'l.l’.lflll.l'l..-.lr'. Mimeric i|‘|'.‘E| ins idenritied
in Dvosophla, mosquitoes, and Lepidoptera mediate phagocytosis of cectain bactenz and excapsula
ticn of lacze foreizn targets like pasasiceids, In Lepidoprera, parsitodds and other encansulation targets
also induce proamenlytic pocessing of poP3P to the ovtokine PSP which indices adhesinn of
plasmatingyias,
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Fig. 3 Encazsulation of the eqg of the wasp parmsicid Lapegiiia bowardl in Drasephild mefanogasies hosl
[Courtzsy Prof. Mapg: &J).
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AARULENT PARASITON

VIRULENT PASASITOID
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Humoral encapsulation

In some insects, encapsulation of the parasite or foreign object does not
involve the hemocytes, In these insects, strands or threads of material
are produced in the hemolymph. These surround the parasite and aid

in forming the capsule. Later, the melanization reaction occurs.
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Nuodule formation may alsa trap Large numbers of invading bacleria, Nodules
consst ol smerewmigons of hemocyvies dhae produce exoacellular materal tha form
a matrix to catch large numbers of bacteria that are too big to be phagocytized.

Larger nodules may eventually also be encapsolared.
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Module tormation

Into two phases:

In the first, the bacteria are entrapped in the material released by
exocytosis from the granular cells and melanization then occurs
externally.

In the second, plasmotocytes, adhere and flatten the necrotic core
forming the typical multicellular sheath.
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MNephrocytes are mesoderal cells found througheor the hemocele that are
able 1o sequester hich-molecubr-weishe colloids bot not bacterias Included i
|.|'|'i‘i \_il.l.':.,_rl:ﬂ'!.' lll- L'L"”S AT ll‘l{' 'I'“:"'I'il:'.-l.'l'd.{-'l]. {.'i'.""'i. It |1{"\|. ATICIWTR 11|- .I'Il.' ||l."|::l||'|"l'|
evbes. They are primarily Tocated omoeach side of the heart, attached b the dorsal
vessel wnd alary moscles by connective threads, but they are sometimes nunerous
around the @t bady as well. These cells absorh chemicals by pinocyrosis and
return the degrded substinces o the hemaolyieehe They conbon numerous
granular inclusions, In additon to this detoxification function, there s evidence
thar the pericardial cells also svathesize and secrece hemebymplh proteins,

63

093 i35 2w |

Humworal lmmunity
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Humworal lmmunity
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2-immune deficiency (IMD)
Gram-negative antilbacterial peptides
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