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Lectins are carbohydrate-binding proteins that recognize and selectively bind to specific sugar structures.
Interaction of lectin with sugars on cell surface can activate multiple cellular responses, including the immune

response. Many insect lectins have been identified or predicted but without in-depth analysis.

insect lectin innate immunity cellular immunity humoral immunity

| 1. Introduction

Lectins are unique proteins that are characterized by their ability to selectively bind to specific carbohydrate
residues. These sugar structures can be monosaccharides, disaccharides, or polysaccharides, and can be present
as free sugars or as glycoconjugates linked to proteins and lipids. In the past, lectins were found to agglutinate red
blood cells; therefore, they were often referred to as “hemagglutinins” or “agglutinins” [Ll. Subsequent research
indicated that agglutination is not universal for all lectins. Only some plant lectins will agglutinate certain types of
cells, and this aggregation of cells can be blocked by preincubation with specific sugars. Consequently the word

“lectin”, meaning “to select”, was introduced to replace the term hemagglutinin .

Because of their selectivity in carbohydrate binding, lectins play crucial roles in a multitude of biological processes
in plants, animals, and microorganisms. For example, many plant lectins serve as defense proteins and are
harmful to insects or pathogens . Similarly, some animals can secrete lectins that can kill bacteria by forming
pore structures on their membranes 4. Bacteria use their surface lectins to adhere to host cells for invasion [,
Inside cells, lectins participate in protein quality control 8. In the extracellular matrix, some lectins alter ion
transport . Secreted lectins have also been reported to be involved in host immunity due to their ability in

pathogen recognition B2,

| 2. Insect Innate Immunity

Animals are frequently challenged by invading pathogens such as fungi, bacteria, viruses, parasites, etc.
Furthermore, they also harbor a microbiome in tissues such as the intestine and the hemolymph 29, To maintain
homeostasis and system integrity, animal hosts must regulate their own microbiota and eliminate pathogen
infection through an elaborate immune system 1. While mammalians have both an adaptive (depending on
memory immune cells) and an innate immunity system, insects mainly depend on innate immunity when
threatened by pathogens. Nonetheless, insects have evolved to be very successful organisms, occupying almost

every habitat and ecological niche. This is due to a strong innate immune system consisting of a cellular and a
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humoral component (reviewed by (12131114 The cellular defense is initiated instantly when pathogens are detected
and results in the phagocytosis of smaller pathogens or encapsulation of bigger invaders 234 The humoral
defense is a relatively slow response and involves the production of a series of antimicrobial peptides (AMPS),
complement proteins, lysozymes, protease inhibitors, reactive oxygen species (ROS), and enzyme cascades

leading to the formation of melanin and clotting [12](24],

The cellular or humoral immunity system depends on the presence of immune cells of different types. These
immune cell types can differ between insect species. For example, the mosquito Aedes aegypti has more kinds of
immune cells identified than Drosophila 12, The immune cells, called hemocytes due to their presence in the
hemolymph, have differentiated from prohemocytes and are mainly composed of three highly differentiated cell
types: the plasmatocytes, crystal cells, and lamellocytes 2418 plasmatocytes represent more than 90% of the
hemocyte pool. These cells have been shown in vitro to possess strong adhesive features, enabling them to
surround and engulf pathogens, and to produce antimicrobial peptides (AMPs) for the humoral defense [14I15],
Unlike plasmatocytes, crystal cells are not adhesive, but they can express phenoloxidase, the key enzyme in the
formation of melanin involved in wound healing and melanization 4. Lamellocytes are large adhesive cells that

are only present in larva or in infected adults, and are involved in melanization and encapsulation 13,

| 3. Insect Lectins

Insects are the largest and most diverse group of animals, and more and more insect lectins are being discovered.
Lectin classification is important to cope with the diversity of these proteins. Insect lectins can be grouped
according to the animal classification system, which encompasses 16 families of lectins, each with a characteristic

carbohydrate-recognition domain (CRD) [18],

In insects, most of the identified endogenous lectins belong to the C-type lectin (CTL) family. Canonical CTLs bind
sugars through their CRD, and this interaction is dependent on Ca2*, hence the name “C-type lectins”. The CRD
motif of CTLs is versatile, resulting in broad range of carbohydrate-binding interactions. For example, the Glu-Pro-
Asn (EPN) motif in the CRD binds mannose, N-acetylglucosamine, L-fucose, and glucose, while galactose and N-
acetylgalactosamine are recognized by the GIn-Pro-Asp (QPD) motif 1920 Many other motifs have been identified
in insects, such as QPS, QPN, APD, and MPP, among others (211 but their carbohydrate-binding activities need to
be confirmed. According to their complexity, CTLs can further be classified into subfamilies such as collectins
(collagen-containing C-type lectins), endocytic receptors, selectins, etc. 22, Based on sequence homology,
proteins with a CTL domain have been identified in at least 12 insects belonging to different orders, including model
organisms such as Drosophila melanogaster, Bombyx mori, Manduca sexta, Tribolium castaneum and Nilaparvata
lugens B2l Expression of some of these putative lectins was verified by quantitative real-time PCR 21, In each of
these insect genomes, about 7—40 putative CTLs have been identified and most contain a signal peptide, indicating
these proteins are probably secreted extracellularly . The majority of these CTLs have a single CRD, but M.
sexta, Helicoverpa armigera and Spodoptera litura possess lectins with a dual-CRD structure (also named the
immulectin family). The CTL domain can be linked to other functional domains (CTL-X) such as an epidermal-

growth-factor-like domain (EGF) or a chitin-binding domain (CBM), which greatly increases the functional diversity
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among CTLs . Being the largest lectin family in insects, CTLs are involved in a broad range of processes,

especially the immune responses (Table 1).

Malectin and calnexin/calreticulin are protein chaperones located in the ER (endoplasmic reticulum). During
translation, an N-glycan precursor (Glc3Man9GIcNAc2) is attached to the newly synthesized polypeptide. The
processing of the precursor glycan by glucosidases yields bi-, mono-, and non-glucosylated N-glycans, which
creates signals for glycoprotein folding and quality control mediated by the chaperone lectins. Malectin binds to
Glc2-N-glycans, whereas calnexin/calreticulin binds to Glc1-N-glycans [El23124] Malectins in the invertebrate
scallop Chlamys farreri and big-belly seahorse Hippocampus abdominalis are regulated by pathogen infection 22!
28] suggesting their participation in immunity. Orthologs of malectins have been identified in D. melanogaster and
A. aegypti, but have not been studied yet 2728 Calnexin/calreticulin chaperones have been identified in B. mori
(29139 and D. melanogaster B2 |n Drosophila, calnexin was reported to be related to neuron functions and

sodium channel regulation B2132],

F-type lectins (FTL) preferentially bind to fucose through a carbohydrate-binding domain composed of the
HX(26)RXDX(4)R/K sequence motif 23134l The first FTL identified in insects was the lectin encoded by the
Drosophila furrowed gene, and the furrowed protein is associated with a CTL domain and Sushi repeats [23133]136],
Drosophila furrowed participates in planar cell polarity signaling and is crucial for cell adhesion 2. The F-type

lectin domain is also predicted in Anopheles gambiae, but its function has not been verified yet [32136],

Chitinase-like proteins (CLPs) gained their name due to their chitin-binding ability. In contrast to chitinases, these
proteins lack the enzymatic activity to digest chitin due to the absence of essential catalytic residues in the
consensus motif B8, In Drosophila, the most notable CLPs are the imaginal disc growth factors (IDGFs), composed
of six glycoproteins which participate in cellular functions like proliferation, mobility, and immune recognition 8139,
Sequences encoding CLPs have been predicted in at least in 10 insects including model insects like the red flour
beetle, T. castaneum, N. lugens, and mosquito, A. gambiae; sequences encoding CLPs were predicted, but since
the homology search is based on a motif of catalytic residues, some of these CLPs identified are actually true

chitinases “41[42]43] \yhjch are normally not considered to be lectins [£4143],

L-type lectins are soluble ER luminal compounds which contain a CRD similar to those of leguminous plant lectins
such as concanavalin A (Con A), and some L-type lectins are responsible for glycoprotein sorting and trafficking 22
(481 prosophila has a homolog of ER-Golgi intermediate compartment 53 (ERGIC-53), a human L-type lectin
responsible for cargo transport of glycoproteins 22481 which may be related to the adhesion protein talin 2. B.
mori also has an ERGIC-53 homolog which responds to insecticide treatment 2. The L-type lectin LvLTLC1 was

reported to be upregulated after pathogen stimuli in shrimp 48, but this was not reported in insects.

Galectins or S-type lectins contain a CRD that specifically binds to B-galactosides 11, although other carbohydrate
ligands have also been reported. For example, the galectin Agalectin from A. gambiae caused agglutination that
was inhibited by gangliosides, sulfated polysaccharides, and sialic acid-containing glycans 2253l Galectins in

human can be further classified into three major groups: prototypical galectins, chimeric lectins, and tandem-repeat
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galectins, according to their CRD organization 24, Many animal lectins are glycosylated, but the galectin family
seems to be an exception 22156, Galectins have been reported in a few insects, including D. melanogaster, A.
gambiae, A. aegypti, and the sand fly Phlebotomus papatasi RABEIBAB0IBL Galectins expressed in the insect gut

have been shown to participate in the neutralization of bacterial toxins BZI58],

I-type lectins belong to the immunoglobulin gene superfamily (IgSF). Hemolins, the well-studied I-type lectins of D.
melanogaster, S. exigua, and M. sexta, recognize lipopolysaccharides, and their expression was shown to be
induced after bacterial infection 82, Further studies suggest that hemolin facilitates phagocytosis of bacteria and

encapsulation of synthetic beads [621(631(64],

R-type lectins have a CRD similar to ricin, the toxic plant lectin from castor bean. Most R-type CRDs are ligated to
other functional domains, including the CTL domain (mannose receptor family), pore-forming domain, and GalNAc-
transferase domain. In the genome of D. melanogaster, 14 GalNAc-transferases have been identified containing R-
type CRDs at their carboxy terminals. A QxW repeat in the CRD was supposed to be an important motif for
carbohydrate binding 631661,

Other lectin families common in animals, such as P-type and X-type lectins, are seldom identified in invertebrates

(28] although previous searches in insect genome sequences predicted their existence 29,

Table 1. Overview of insect lectins.

Experiment
Gene/Protein Lectin Verification Predicted by
A References

Lectin Families Insect Species Functions WGOIHomology
Cc

Pathogen
recognition;
AaeCTLs; interacts with
CTL Aedes aegypti CTL-20; phosphatase;  + + [Q[67][68](69]
mosGCTL-7 reduces
exogenous

toxin toxicity

Responds to

L pathogen
ook e Lo i
regulates AMP
expression
Responds to
Spodoptera SIiCTLs pathogen + (21]
litura . -
infection
Mythimna EPL Promoteg N [72]
separata encapsulation
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Lectin Families Insect Species

GenelProtein
a

Lectin

Experiment

Verification Predicted by

Functions RrI;IAProteinGOIHomoIogyRGferences
(o

Ostrinia
furnacalis

Spodoptera
exigua

Thitarodes
xiaojinensis

Helicoverpa
armigera

Drosophila
melanogaster

Antheraea
pernyi

Bombyx mori

Hyphantria
cunea

Periplaneta
americana

Heliothis
virescens

Manduca sexta

OfCTLs,
OfIMLs

Se-LLs, Se-
BLLs

CTL-S, CTL-
X, IMLs

Ha-lectin,
HaCTL

SIf, DL2-3

Ap-CT

BmIML,
BmMBP,
CTL-SS,
BmEL-1, 2,
S

Hdd15

LPS-BP

MBL

MsIML-1, 2,
3,4

Responds to
virus infection

Responds to
pathogen
infection

Regulates
ecdysone and
juvenile
hormone
signaling;
regulates AMP
expression;
promotes
phagocytosis

Organizes the
cuticle layers;
enhances
encapsulation

Binds PAMPs;
activates PO

Recognizes
PAMPSs;
activates PO;
promotes
melanization;

Responds to
E. coli

Responds to
pathogens;
binds PAMPs;
activates PO;

(73]

[74]

[r7)[z8]

Reviewed
by Bl
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Experiment
. - . GenelProtein Lectin Verification Predicted by
Lectin Families Insect Species a Functions —R'QI AProteinGOIHomoIogyReferenceS
C

enhances
encapsulation

Anophgles AgamCTLs Responds to
gambiae pathogens
Nilaparvata nd.
lugens
Plutella n.d
xylostella h
Apis mellifera n.d.
Acyrthosiphon nd
pisum o

. AcypiChtl Expresses in
Acy rt?;);rl:cl)hon (IDGF bacteriocyte + [41]
P homologue) and midgut

Chitinase like

Expresses in

different
Anophg/es AgIDGF2, developmental  + 9]
gambiae AgIDGF4
stages and
tissues
Expresses in
€ggs,
Bombyx mori BmIDGF hemocytes, fat + [eajiedl
body, and silk
gland
Participates in
Drosophila IDGE1-6 would healing N [38][39](82]
melanogaster and wing
development
Expresses in
Nilaparvata female
P NIIDGF reproductive + [42]
lugens
organs and fat
body
Tribolium TeIDGF2, 4 Acts in gdult N [83]
castaneum eclosion
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Experiment
. - . GenelProtein Lectin Verification Predicted by
Lectin Families Insect Species a Functions —R'QI AProteinGOIHomoIogyReferenceS
C

Plutelia PXIDGF n.d. + &)
xylostella
Manduca sexta MsIDGF1 n.d. + (5]
Highly
Bemisia tabaci BtIDGF1-3 abundant in + [86]
adults

Expresses in

hemocytes
Galectin Drosophila Dmgal z_:md " + 9E7
melanogaster different
developmental
stages
Strong
expression in
Phleabgttirsnius PpGalec adult female; (61]
pap binds
pathogen
Expresses in
Anophc?/es Agalectin, salivary gland; N N [52](88]
gambiae GALE6-8 Responds to
viral infection
Responds to
Bombyx mori BmGalectin- b.a.cterla in . . [89]
4 fertilized eggs;
binds bacteria
alectin-6 Reduces
Aedes aegypti 9 L exogenous T 7581
galectin-14 . .
toxin toxicity
A
s nd
darlingi
Anopheles
. n.d.
stephensi
Culex
. . n.d.
quinquefasciatus
Drosophila o
ananassae h
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Experiment
. - . GenelProtein Lectin Verification Predicted by
Lectin Families Insect Species a Functions th\)I AProteinGOIHomoIogyReferenceS
Cc
Drosophila nd
mojavensis h
Drosophila
n.d.
pseudoobscura
Drosophila virilis n.d. + Prk;e;jl[%ed
Dro.s'ophll'a nd.
willistoni
Drosophila nd.
yakuba
Glossina
) n.d.
morsitans
Malus domestica n.d.
malectin Aedes aegypti n.d. it
[27][28]
Drosophila nd. N
melanogaster
. - . Calr/Canx; Responds to [30]190]
Calnexin/calreticulin Bombyx mori BMCNX ER stress + +
Regulates the
. function of
Drosophila Cnx sodium + 52
melanogaster
channel
paralytic
Drosonhila Functions in
F-type lectin P Furrowed planar cell + 7]
melanogaster .
polarity
Anopheles nd Reviewed
gambiae o by [36]
I-type (immuno- Drosophila . Reviewed
globulin fold) melanogaster hemolin nd. " by (24
Manduca sexta HEM Recognizes (63] » 109,
PAMPs;
promotes
1.1 L L] | Y & &
949-9509.

3. Esch, L.; Schaffrath, U. An update on jacalin-like lectins and their role in plant defense. Int. J. Mol.

Sci. 2017, 18, 1592.
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Experiment ster,
Gene/Protein Lectin Verification Predicted by
a

AR TR s L L Functions th\)IAProteinGOIHomoIogy
Cc

Referencesxstinal

hemocyte
aggr:g:tlon, ydrate
phagocytosis 583—-
Acts as
opsonin; m
Spodgptera SeHem regulate; N [62] rie
exigua phagocytic
activities and
encapsulation ialic
) Function 1-1.
in te[rDlZgI;ella PiHem related to gut + (521
p bacteria
Bombyx mori Hemolin n.d. + (93] ‘nse
Mediates
Actias selene As-HEM immune + (041
response
Regulates
1 Antheraga Hemolin innate + (98] ), 33—
pernyi ) ) !
immunity
(48]
Drosophila ERGIC-53 ]
! L-type me/anopaster homolo nd. reviewed
g J by [96]
1 Bombyxmori  ERGIC-53 ~ Respondsto 59 Hmol.
ER stress
lectin [97]
1 R-type (ricin B type) Drosophila domain of Blnds. . reviewed 8.
melanogaster GalNAc glycopeptides by [65]
1 Transferase

15. Muller, U.; Vogel, P.; Alber, G.; Schaub, G.A. The innate immune system of mammals and insects.
Trends Innate Immun. 2008, 15, 21-44.

16. Vlisidou, I.; Wood, W. Drosophila blood cells and their role in immune responses. FEBS J. 2015,
282, 1368-1382.

2 some publications have predicted lectins but did not assign names for these lectins; therefore, there are some

17. Benoit, J.B.; Vigneron, A.; Broderick, N.A.; Wu, Y.;"sun, J.S.: Carlson, J.R.; Aksoy, S.: Weiss, B.L.

blanks in the table. ¥ RNA verification studies included RT-gPCR, dsRNA silencing, and t_ranscr!Ptome ana]yS|s. ¢

Symbiont-induced odorant binding proteins mediate insect host hematopolesis. eLite 2017, 6,
Proéeiré%%réﬂcanon included immunoblotting, recombinant protein production, etc.

P4 EnUbIUHBUS MSEETLBLHIE Y e MotEatore ™

Proteins. In Essentials of GlycoBiology, 3rd ed.; Varki, A., Cummings, R.D., Esko, J.D., Eds.; Cold
4.15 PAHIGER R coghilion Press: New York, NY, USA, 2017; Chapter 28.
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1Beflagaen ddyteéaraaguilieyinBtinotumal raspects, diecpabiaiygdraténmecogniiget meshianisneg ok €c-tippeng
patteginsinCadigpe datioiyes{assugizgeH omeosta2pdi8riid (PAVI®s) such as bacterial peptidoglycan or fungal
A5 SR B SRR K PR S e, B B Ern o niton e RIS B RobvolufiBh SF™
"Bl Ae R SRR CHEASBISES S50 Sqaer¥i_pigjens (PORPS) are the two major PRR
families. GNBPs mainly recognize fungal and Gram-negative bacterial PAMPs, while PGRPs mainly respond to
23 rdeblp¥sitil, Hacéh K. kb Manli PRVBIULIE cfhttidrale 4NRAGeR - ieétngcddstaRBRBENR parts of
the IS519BRG B8RS O, Gradyd R e atinrdasnRi:genes in seven holometabolous insect species. Insect
Biochem. Mol. Biol. 2020, 126, 103451.

22 RIS 2T P RACE VR PP AP RERA TRV RRLERIAIR &iSR0Hion Ju7 ofoqaBon of
cara%ly‘drate structures. CTLs of H. armigera and M. sexta were shown to bind various PAMPs, such as
lipopolysaccharide (LPS), fungal glucan, and peptidoglycan, to activate the humoral and cellular immune defenses

28R Yy higsbphiMatsumaien Ks Dekeda ot s Matsimepi MordRmagnited Yo tiamaelOndimbranes
of NdRISSHESIRASIRE G ArBRISR W RARNSIRG EhRONARAGEE ReserAlan Jydhimisiolded oy camiRie Ry
inse]etﬁﬂﬁh%(ﬁﬂggg% é&?p@%@ﬁ@%%%ﬁins from other families can also function as PRRs. For example,

RPIEHNHBAUR PPEHEBRIE DN S B2 BT iHattH@géﬁcf(HH%@rﬁ?M%Qﬁ;[%fju N CIaY5Hi g 'PR4FBOSSEsses
a dp@rgﬁ&gaéqg,nmgj ggré@wz@ﬁt_aries of PAMPs, such as LPS, LTA (lipoteichoic acid), peptidoglycan, and

laminarin, and was shown to agglutinate E. coli, Staphylococcus aureus, and Bacillus subtilis [E101]
25. Wang, M.Q.; Wang, B.J.; Liu, M.; Jiang, K.Y.; Wang, L. The first identification of a malectin gene

4.2 dsectiniinduded Celulgs liamaunidyquence features and expression profiles. Invertebr. Surviv.

J. 2019, 16, 25-33.
4.2.1. Phagocytosis

26. Sellaththurai, S.; Shanaka, K.; Liyanage, D.S.; Yang, H.; Priyathilaka, T.T.; Lee, J. Molecular and
MagynBeBRaY iesietlsaney!h IRENGe RBRPIRBRAE NP DigRBR KLY AR P Y HARHER R Mpagrocess called
ph%&B%ﬁ%iﬁ%sH@H%ﬂﬁbﬁvﬁﬂﬁQﬁaha,@@gﬁ?g@,iwﬁj—%@@. recognition of the targets by the PRRs, which

activates downstream events including receptor cross-linking, membrane remodeling, phagosome formation, and
2 eI AR KR S il iR TS AN et ah e WRE9Med- G IV BSKE SR oM He IS IS Acidic

envizRnot, AmAS gk MRAISSH ALaoveL camphygrate binding, Potein,of the endepiasic feiculum,

sorfdliaCaliligats player in the Ry stens oL R grI e oA MOl PRl Sl A% WRuses 1o
Iimi?ﬁ%ilr_r%g'l%'lﬂfy and promote recognition 193, | ectins have been proven to stimulate phagocytosis by acting as
2BRRalimdeteS pdthogenviulaie dpedhniCs ;18 attar #)eTivadharknrex@hplds ri,; €04l \Attikelzgided from H.
arnifettifalces et @ gpr0achieishnale dioi) meqglyddhpitaligegalcthatimte ah reddeir eyt tochigesn dhdiscgvengle
dorfaimisa kedlicie i &th egly €gangmol . @atOneyediy 2 Bae@B6, Gram-positive bacteria, and fungi. Injection of rHa
28R CE ISR, R gienel By Sl SRR Rra8Ses e O gETTE e
e RO AETE Sab AT PO e S BB P T 'y e Efomo, T
me%i8be£ %1’38:236{995 has also been observed in mammalians and shrimps 22311081 Besides the CTLs, the I-type
lectin hemolin SeHem from S. exigua also helped the host cells to eliminate bacteria by enhancing phagocytosis
3621 Legielts; Ko crusWee KB nXvé - bEdMORpKree 0l edimnc el Hodt- pKaye By tbdisYLSilgyotraBesmolysnglih
repHRYVidriRgetaiRstiaLexpression of endoplasmic reticulum chaperones under radiation-irradiation.
Int. J. Mol. Sci. 2011, 12, 4456—-4464.
4.2.2. Encapsulation
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AVhRogenbaudmdtdrgetd andi eo dRlALge Calleyadl phrésitiexior iseesseads | dayrohp dd peimaogts &ticey@ad to
surregndabiemrgag fohoitay eceppiaredkesstruirate e pooc280 & rd@d 228a@elilation. In Drosophila, lamellocyte
RS REIRAEALVAGT POy BO) WERLPARS Unnasg epts 39 Wifrerqntiatt o frgras igms '
Theshe cells are recruited to the s'&te o{ inf;?ctioqI atta(% o the sr;ll.rface 8f the gﬁrasite , and underlgo m{)rmglogical

Chaperone calnexin regulates the function of Drosophila Sodium channél paralytic. Fron

chm%%%égcﬁprfgfﬁribr’\%we parasitoids 2. The process in which the lamellocytes are flattened is called cell

spreading and relies on phosphatase/kinase-mediated cytoskeleton rearrangement and activation of adhesion
SotépbalamuSnRagyps rdhdindNa RS Ritad RAGH QERBE: Oformif -Bviee d8kimiRh NAERABRESbIMING2
celiSiROtGlyconAnH2018e38ingd33aR4812. The spread cells cover the parasite to form the capsule.

JaBfERHen RS : RO AFPIHS IBPSRTNIEF, 87 RIGHHA G NEPIBPal SRS of BRECF IR ISl ARS. are
cor@%f&g@&u@@l@q%!%@@ms. such as contactin, neurexin, fibronectin, etc. 1131, Second, melanization

follows to strengthen the capsule and to kill the parasites. Melanization is a process in which phenols are oxidized
3B MR RIn B Vol ¥R b G 0% Riggheical r ReneS Al TORaIeIGA QRAar IRt ZaHeN Oht
EnddBY LR ERMY 1M (M RHEPIRSCS o Bnd RS s MRLE M LY 1Y 0 n GGG AL toxic
comhﬂpghe%é%ugtqgé'quinones, reactive oxygen intermediates, and AMPs 113 or indirectly by nutrient deprivation
38%asta, G.R.; Amzel, L.M.; Bianchet, M.A.; Cammarata, M.; Feng, C.; Saito, K. F-type lectins: A
highly diversified family of fucose-binding proteins with a unique sequence motif and structural

InseSIdeFHIDRRAE RESBIFRRIMILRIPT dRYUYREIdR PRIDRECARAPHIATBN 2ir Feliinzglign. One common method used

to study encapsulation in vitro is the use of synthetic beads incubated with isolated hemocytes. Synthetic beads
30k Mozl M, T, RoseniiR aslectn rawe ddnasiater e FR W RIANR 55 be casiy
obs%(r)\llg('iJ tanc%re%a%fgrggc\élgef@!e(qog%gll(')% Igspé E)eea\(/jscvﬁ”*u%%%%Ie%%gélpSrgtE‘iln%SCan accelerate and increase
3®adpedation, € BrozxamplrefingBbindaiir oufiluse® DidspybioCa 3. DERraad PH3, WenovemseMonto Ni-NTA
agaressoipesids Whithedret@ohharchitittasitalikeerotBed® BRB ty s/ adgsepaiqor tidbe deaystnfste to form
capsslemendds caneidadkaueditredlaftpr lorgeratedhatnns, 20d 6)i8pe9sLWas blocked by antibodies targeted
against the recombinant proteins /8. Besides the in vitro test, injecting the coated beads into an insect hemocoel
39. Broz, V.; Kucerova, L.; Rouhova, L.; Fleischmannova, J.; Sfrnad, H.; Bryant, P.J.; Zurovec, M.

also valldat%d the hypothesis. In H. armigera, a CTL, HaCTL3, was coated onto Sephadex A-25 beads and injected
~ Drosophila imaginal disc growth Tactor 2 is a trophic factor involved in energy balance,

into the H. armigera larval hemocoel. After 12 h, the beads were found to be extensively encapsulated and

detoxifi@tlon,,and innate immunity. Sci. Rep. 2017, 7, 1-15. ,
melanized 22!, Besides CTLs, the I-type lectin SeHem was also reported to coat nonself targets for encapsulation

42 Gamkaataly BctifRaB. bédranghoYie BagmdRicipae iNehdipsiyanghamn mMelknesksioWniokMythiennaear
whisRRatRiAksitRane grRRAR iehbeiasadrexpgrsisnianst anal eribteyref fi¥ébiefiegrrsiBME through
intdPaetioshneh 20&4riAd, Evidbnce suggests that silencing of B-integrin, a hemocyte membrane protein

A REREHRAdR A Eh RIS, 9 RDALIARRILCENCIAN RIEERY BRSTERTE cBRRapTHIRIEpSR% of -
In 3198, M CARIRHBE BRBATBIL i IS NR P BB St1.07 £8° 174iipggst the immune lectin MsIML

from M. sexta was shown to be able to activate a protease cascade required for phenoloxidase activation, which

4&1|\}<ha}§1ié%§%%h \(fﬁs Eé?ﬂ"biﬁd's)%’ LHS;. %ﬁ@ﬁ‘&ogdefgpiﬁgéﬁgé%&r&%ﬁetg%@ U:V Q&tQﬁzW&B’\fBr melanization

ruaplamthopper, Nilaparvata lugens. Insect Mol. Biol. 2015, 24, 29-40.

4&«:. Zhu, % Arecalkane Xm%alger'ee, D.; Beeman, R.W.; Kramer, K.J.; Muthukrishnan, S. Domain
.3. Lecfin-Induced xpression N _ _ o _
organization and phylogenetic analysis of the chitinase-like family of proteins in three species of

Bediteal®e baneet Pdoshess. ttoln&die hd80&n3Sedidd-=66ries of extracellular effector molecules that can kill

foreign invaders. Among these effectors, AMPs are the major participants 118, AMPs are positively charged small
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4dedtide sTcoGriking .oBI5—45 Aindw, atidBuatmcly caramgd €. t8éruoturallyamsh bioclyarmacgd drsicgfhts wften@robes
andnsattguespenitaqititioase vathyaitifddgahaotiultyy nseceRiechertdvtol Biol AR Aahige hBA2 Gy
4@?L?G?LF.?“E%%?'LE'%”&%,’?ﬁ;"ﬂ?éan”ge, YBURRRS: VENGY SEEBRUINE LSS, Snt RIS Bisghor AMP
AUBSHERh, the LOBAGHENA XIS TR indscl Chitasy, NS TEReAI 1T Hoh 0862088, S o
Drosophila tumor genesis, tumor cells tended to have a negatively charged cell surface due to the

AbhoListiyiSeNRE tmifitHRB@e W, LaiBwiAg a0 deikhdin: thitbcte Grtl afiaBNBVLL EYREHERHR the tumor

grolkMIELIC1) from the shrimp Litopenaeus vannamei facilitates the clearance of Vibrio harveyi. Fish
Shellfish Immunol. 2018, 73, 185-191.

A7 &GP, KA PR TR B BTt RS eSO Ad puTHiCation o mal htacshiay Pof S fE . o
A A B N KRl SIs: B inGer e RS GeBery, WAy, F6 A Y3 (Sug! as Tolk
regulated or Imd-regulated AMPs) 18], However, neither classification system can perfectly group different AMPs.

ARAPRENZEIIRE GrodunRiss@tsHarK aRpRIespEoitdaahitdr Ruddd® I8etnRR GlkePAMSFa GRIEO a broader
patH@RSPYLERERPIPs Rk aymePrRiRisk AL (vl Bigl:k§80ailind0g@@fs of pathogens mentioned above.

49, K, AT ESHAgRg, CS IR RO MOVPIEX FRISRIBMPIE. TSP RS VoRMBIaY BYHher bR aynany
othesiis RS HRiAPIB DS GHR SaTRaiih ByBbRREveYsy CE™2002, 3, 569-579.

SthdViagedt- 4 sg. &rourgnN@e Yookl MaviblisZthQthajer GEEIR docWang Aipd LB LR IREMEIBLOhy a
patFddstiress aRtigsidapanAedeionifirationiresiRans by sidlgihal #0se s HLGRIOLBRANARS R8N R h
up Bl @ sdloep By LB MR MAT oRES g BRIRFRAR. R LO%Dald Brdfife&MPs. For example,

SE0IBRE DRMARsES MopBg Lte. HRT A/ RiIeS df e iRV LR AR B CTANRS SUCh as
deTffitiyE OB RIE I sna b AIRBRRHE, RRAYRES IRtrRiesoRiR BRgoielire A2 cells have also been

shown to produce all kinds of AMPs upon stimulation by E. coli or other protein stimuli 11211222],
52. Francischetti, I.M.B.; Ma, D.; Andersen, J.F.; Ribeiro, J.M.C. Evidence for a lectin specific for

Ins&tIfRieR sxarpsiiniif saivi_rsghaRd ebtheigirlatia setRcRORNEIRSJanRIRae e @NEZAdAY

cor8g B4 AMPs 1281 put a recent study gave more direct evidence that the insect lectin can regulate AMPS.

FARESHRARINY B, Hefolldl 2SR, ARdap iy & BAIGHRIRICINA VELIRKSIRBR SR Y e R BiRd rpres & d far
lesEQNHITAIRR tT: 1R FRRSE! HTEYRKIRES A VBt A dR SEPIHRIR AHERSRRO ARAMBS MArEnth (FRAGEREe .
ceqiQRid ’iﬁ(ﬁfg“?i‘fﬁ.riﬁz eB{eheritRBH m@;’)igﬂ_?flwhigﬁ_the antimicrobial activities were confirmed by in vitro

assays. Even more interestingly, the upstream PRRs, including PGRPs, B-1,3-GRPs, and even a CTL4, were also
8 THHBINRGS: BiadiMy Firlar (BRI SR SRIGRIPS pIuESRE NS0T Y EARIRIQ9Y, 318 kg VRt Bsm
Curpmings R, Esko, J.D., Eds.; Cold Spring Harbor Laboratory Press: New York, NY, USA,
recognition events /=5,
2017; Chapter 36.

SYIRAIASK BN 0BG KISEIRS WIEAMESBCAN RS BRIBIRY JPIRFRALATS rdRpRshJBEINNFRINPIRIRGE Ahe
bengfigiajdipst mesgbipmesagainst the toxic effects of AMPs. For example, silencing of A. aegypti C-type lectins
(mosGCTLs), which are coregulated with AMP through the Imd pathway, leads to failure of colonization and

SQaftivantaar maNgof i Bl Rtz eldick R toRentl Wbty 4808 sk dHAMA- AN RNASE
pre RN A X RGHIALITALly AR RIRIGTIOR e (R RaPLgRles RS \hiakes ANE 805 R
to u]é]é’h]bgil'%ctins. The West Nile virus (WNV), a pathogen causing West Nile fever and transmitted by mosquitos,

Sarnzstamgate. dxprersion. 4 anvu,a8m@1 Batpelleklin Ghoshitng, Mhithncan sEhegly iier@illwEhSy ; nidsawifo

X.; Yu, X.-Q. Aedes aegypti galectin competes with Cry11Aa for binding to ALP1 to modulate Cry
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