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Abstract:

This work extends research directed at the structural and functional characteristics of the lectin(s) from
grasshopper Melanoplus differentialis and their role in immunity and molecular defense. Insect lectins
mediate the progression of cellular defense and are considered a form of primordial recognition
molecule. These proteins represent a potential immuno-recognitory surveillance molecule of broad
carbohydrate specificity and their biochemical and genetic characterization are prerequisite to a
complete understanding of invertebrate immune defense. Seventeen (17) clones have been isolated
from a cDNA library constructed from fat body mRNA. Three clones were sequenced (Clones 2, 3 and
4). The sequences for clones 2 and 3 represent the same mRNA. Clone 3 was 879 bp long, but missing
~ 200 bp at the 3' end including the stop codon and polyA tail. The clone 4 cDNA is 1079 bp long and
includes sequence representing a stop codon and the 3’ non-translated region through the polyA tail,
but is incomplete at the 5' end missing sequence representing the initiating Met and signal sequence.
Comparison of these sequences indicates the two are similar but represent distinct mRNAs, and
presumably distinct genes. PCR evaluation of the remaining 14 clones, using gene-specific primers, has
determined that a clone containing either the missing 3' end of clone 3 or the 5' end of clone 4 is not
available in the cDNA library.

3' RACE (Rapid Amplification of cDNA Ends) was used to amplify and isolate the missing 3’ end of
clone 3. Reverse transcriptase-polymerase chain reaction (RT-PCR) using a gene-specific primer
resulted in a single band of 800 bp representing the 3' end of clone 3. This fragment was cloned and
sequenced. In combination with the original clone 3, this sequence completes a cDNA representative of
a full-length message for a lectin. The cDNA 1s 1220 bp long including sequence for the signal peptide
and the 3' non-translated region through the polyA tail. The 972 bp open reading frame (ORF) encodes
a 324 amino acid polypeptide including a 20 residue signal sequence. The calculated molecular weight
of the 304 amino acid protein is 34056 Da. Two potential glycosylation sites are present. Grasshopper
lectin is unique among invertebrate lectins having two homologous carbohydrate recognition domains
(CRD). This duplication may contribute to the dual carbohydrate specificity (galactose/glucose) shown
by this protein. The sequence defining each CRD demonstrates ~ 30% identity with other vertebrate
and invertebrate C-type lectins and 100% identity at 7 invariant amino acid positions within the CRD.

5’ RACE was used to amplify and isolate the missing 5’ end of clone 4. PCR using a clone 4-specific
primer resulted in a single band of = 1000 bp which contained the missing 5’ end of this clone. This
fragment was cloned and partially sequenced. In combination with sequence known for the original
clone 4, the new sequence completes a cDNA representative of a full-length message for a second
lectin. The complete sequence is 1213 bp long including sequence representing the signal peptide and
the 3’ non-translated region through the polyA tail. A 978 bp ORF encodes a 326 amino acid
polypeptide including a 21 residue signal sequence. The calculated molecular weight of this 305 amino
acid protein is 34401 Da. Clone 3 and Clone 4 cDNAs are 81% identical.

A 3D homology model of CRD2 from clone 3 was constructed using the crystal structures for rat



mannose binding protein (MBP) and E-Selectin (ESEL) as references. Assessment of the model using
oy angles in a Ramachandran plot, dihedral angles and 3D Profiles suggests the model CRD structure
is a reasonable 3D representation of the CRD sequence.
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ABSTRACT

This work extends research directed at the structural and functional characteristics of the
lectin(s) from grasshopper Melanoplus differentialis and their role in immunity and
molecular defense. Insect lectins mediate the progression of cellular defense and are
considered a form of primordial recognition molecule. These proteins represent a potential
immuno-recognitory surveillance molecule of broad carbohydrate specificity and their
biochemical and genetic characterization are prerequisite to a complete understanding of
invertebrate immune defense. Seventeen (17) clones have been isolated from a cDNA
library constructed from fat body mRNA. Three clones were sequenced (Clones 2, 3 and
4). The sequences for clones 2 and 3 represent the same mRNA. Clone 3 was 879 bp
long, but missing = 200 bp at the 3' end including the stop codon and polyA tail. The
clone 4 cDNA is 1079 bp long and includes sequence representing a stop codon and the 3’
non-translated region through the polyA tail, but is incomplete at the 5' end missing
sequence representing the initiating Met and signal sequence. Comparison of these
sequences indicates the two are similar but represent distinct mMRNAs, and presumably
distinct genes. PCR evaluation of the remaining 14 clones, using gene-specific primers,
has determined that a clone containing either the missing 3' end of clone 3 or the 5' end of
clone 4 is not available in the cDNA library.

3' RACE (Rapid Amplification of cDNA Ends) was used to amplify and isolate the
missing 3' end of clone 3. Reverse transcriptase-polymerase chain reaction (RT-PCR)
using a gene-specific primer resulted in a single band of 800 bp representing the 3' end of
clone 3. This fragment was cloned and sequenced. In combination with the original clone
3, this sequence completes a cDNA representative of a full-length message for a lectin. The
cDNA is 1220 bp long including sequence for the signal peptide and the 3' non-translated
region through the polyA tail. The 972 bp open reading frame (ORF) encodes a 324 amino
acid polypeptide including a 20 residue signal sequence. The calculated molecular weight
of the 304 amino acid protein is 34056 Da. Two potential glycosylation sites are present.
Grasshopper lectin is unique among invertebrate lectins having two homologous
carbohydrate recognition domains (CRD). This duplication may contribute to the dual
carbohydrate specificity (galactose/glucose) shown by this protein. The sequence defining
each CRD demonstrates = 30% identity with other vertebrate and invertebrate C-type lectins
and 100% identity at 7 invariant amino acid positions within the CRD.

5’ RACE was used to amplify and isolate the missing 5° end of clone 4. PCR using a
clone 4-specific primer resulted in a single band of = 1000 bp which contained the missing
5’ end of this clone. This fragment was cloned and partially sequenced. In.combination °
with sequence known for the original clone 4, the new sequence completes a cDNA
representative of a full-length message for a second lectin. The complete sequence is 1213
bp long including sequence representing the signal peptide and the 3’ non-translated region
through the polyA tail. A 978 bp ORF encodes a 326 amino acid polypeptide including a
21 residue signal sequence. The calculated molecular weight of this 305 amino acid protein
is 34401 Da. Clone 3 and Clone 4 cDNAs are 81% identical.

A 3D homology model of CRD2 from clone 3 was constructed using the crystal
structures for rat mannose binding protein (MBP) and E-Selectin (ESEL) as references.
Assessment of the model using ¢-w angles in a Ramachandran plot, dihedral angles and 3D _
Profiles suggests the model CRD structure is a reasonable 3D representation of the CRD
sequence.




INTRODUCTION

Statement of Purpose

The purpose of this research was to extend the characterization of a lectin(s) from
the grasshopper; Melanoplus diﬁerentidlis. This work was addressed using two strategies;
1) the completion of cDNA sequences representing full-length mRNAs for two distinct
lectins from this grasshopper, and 2) the construction of a computer-based homology
model for a carbohydrate recognition domain from one lectin, using the amino acid
sequence and the crystal structure coordinates from two homologous reference proteins.

Lectins are proteins or glycoproteins defined by their ability to bind carbohydrate
without covalent modification (Rini, 1995). These proteins are found in the hemolymph qf
a wide variety of invertebrates (Kennedy, 1995) and are considered to be ubiquitous among
living organisms (Sharon, 1993). Carbohydrate structures are often the primary |
determinants of cellular identity (Gaveriaux, 1987). Distinct carbohydrate specificity
suggests lectins may distinguish between cell types and thereby mediate a wide range of
cellular interactions (Marschal, 1992). Thus lectins that bind carbohydrate on a foreign
surface may serve as a discriminatory link between nonself material and the hemocytes
involved in immune defense (Tsuboi, 1993). A lectin from grasshopper has been shown to
opsonize fungal blastospores (Wheeler, 1993) suggesting this protein represents a defense

molecule with selective specificity (Bradley, 1989).
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Insect Immune-Defense

Insects proliferate in habitats where microbial predators use them as a source of
nutrition (Hoffman, 1995). The evolution of effective molecular and cellular
defense mechanisms has thus been prerequisite to their survival (Ratcliffe, 1985).
Invertebrates lack the immunoglobulin-based defense common to vertebrate 6rganisms
(Gupta, 1986), but employ well defined physical, cellular and molecular defense strategies.
The primary defense against pathogenic infection is prevention via passive structural
barriers to penetration of the hemocoel (Dunn, 1986). These barriers include a sclerotized
outer integument (Gupta, 1992) and the peritrophic membrane (Spence, 1993), which
isolates the midgut epithelium and hemolymph from ingested food. Insects have also
evolved effective cellular (Hajek, 1994) and humoral (Vasta, 1987) defe;nse strategies to act

on pathogens that do breach the hemocoel.

Cellular Defense: Phagocytosis and Encapsulation

The first defense response to foreign entities in the hemocoel is mediated by
circulating granulocytes and plasmatocytes (Marmaras, 1993). This cellular response
occurs via random encounters with the pathogen (Dunn, 1990) and leads to its
phagocytosis (Ratcliffe, 1977) or encapsulation (Schmit, 1977). Granulocytes are
proposed to be involved with early recognition of non-self entities (Hagen, 1994).
Following recognition of nonself substrate; these cells degranulate to release antibacterial
factors such as lysozyme (Zachary, 1974) and components of the prophenoloxidase
cascade (Leonard, 1985). Phenoloxidase causes the hydroxylation of mono-phenols such
as tyrosine to o-diphenols and o-quinones which mediate adhesion of the pathogen to
hemocytes (Marmaras, 1996) and promote the subsequent encapsulation or phagocytosis

by plasmatocytes (Ratcliffe, 1984).




Humoral Defense: Antibacterial Proteins

The induced synthesis of specific antibacterial proteins' in response to infection
defines the humoral defense (Gupta, 1986). Lysozyme (Morishima, 1994), pore-forming
peptides termed cecropins (Steiner, 1981) and bacteriocidal proteins termed attacins
(Hultmark, 1983) all represent ahtibacten'al proteins. ;l‘hese proteins bind distinct
components of the bacterial cell wall and effect destruction of the invading pathogen (Vasta,
1985). These proteins were first demonstrated in the wax moth (Stephens, 1962) and the
silk moth (Hink, 1968). Sarcotoxin I (Okada, 1985), attaéin—lik,e Sarcrotoxin II (Ando,
1983) and defensin (Matsuyama,v 1988) are antibacterial proteins in the flesh fly
Sarcophaga peregrina . These proteins are synthesized in the fat body and secreted into the
hemolymph where they exhibit antibacterial activity against invading bacteria and
pathogenic fungi.

The immunoglobuli.n-like protein, hemolin or P4 (Sun, 1990), is one of the first
hemolymph components to bind the surface of bacteria in the tobacco hornworm. A similar
protein initiates complex formation that mediates a cellular immune response in the giant
silk moth (Ladendorff,1991). This protein increases hemocyte adhesion to nonself

substrate during the putative recognition phase of the immune response (Kanost, 1993).

Invertebrate Immuno-recognition

. Cellular and.humoral defense strategies require discrimination between ‘self’ and
‘nonself’ to be effective. A definitive model for immuno-recognition (Mullett, 1993) and
the molecular strategy employed to recognize potential pathogenic substrate remains
problematic (Hoffman, 1996). Invertebrate Iectinsvare considered a form of primordial
recognition molecule (Kennedy, 1995). The abiiity of these proteins to bind specific
carbohydrate moieties suggests they serve an immuno-surveillance function by providing a

discriminatory link between nonself substrate and circulating hemocytes (Vasta, 1987).




Insect Iectins and Immuno-surveillance

Lectins that demonstrate putative immuno-recognitory properties have been isolated
and purified from several insects. The beet armyworm (Spodoptera exigua) contains high
levels of a naturally occurring endogenous galactose-binding lectin (Pendland, 1986). This
protein (Pendland, 1988) has demonstrated opsonic properties toward blastospores of the
entomopathogenic fungi Paecilomyces farinosus and Beauveria bassiana (Boucias, 1993).
Recent studies have shown that injected cells of P. farinosus, that present surface -
galactosidic residues, are rapidly cleared from the hemolymph while blastospores of
Nomuraea rileyi lacking such residues are not. A lectin receptor has been localized to an
outer coat associated with these blastospores (Bouclias, 1991). The beet armyworm lectin
is a large molecular weight aggregate comprised of two subunits which are 33 and 34 kDa
(Boucias, 1993). It is believed the 34 kDa subunit is a glycosylated version of the 33 kDa
subunit. Each is present in an equimolar amount. This protein requires Ca”* for binding
carbohydrate.

A Ca*-dependent lectin from the tobacco hornworm Manduca sexta is induced via
bacterial challenge and its presence associated with hemocyte-mediated coagulation of the
invading pathogen (Minnick, 1986). It has been suggested this protein may regulate the
related process of encapsulation (Kanost, 1994).

The flesh fly Sarcophaga peregrina (Natori, 1987) has a lectin which is induced by
injury to the cuticle. Synthesized in the fat body, this protein mediates lysis and clearance
of sheep erythrocytes from the hemocoel (Komano, 1985). The protein is also present
during pupation, suggesting a role in removing histolytic debris during morphogenesis.
This Ca® dependent protein is a 190 kDa aggregate consisting of o and B subunits of 32
kDa and 35 kDa (Komano, 1980). It is proposed the B subunit is a posttranslationally
modified version of the o subunit (Takahashi, 1985). A cDNA representing this lectin
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| codes for a 279 amino acid polypeptide including a 19 residue signal sequence (Takahashi,
1985). The gene coding for this lectin has been cloned into puc118 and expressed in a
nuclear extract of NIH-Sape 4 insect cells suggesting this extract contains transcription
factors for this gene (Kobayashi, 1989).

Periplaneta lectin, first purified from cockroach hemolymph (Kubo, 1987)
recognizes 2—keto-3-deo1‘(y octanate (KDO) in the carbohydrate portion of Escherichia coli
and Salmonella minnesota lipopolysacchafides (LPS). This lectin _requirés Ca™ to bind
KDO and has also been shown to mediate the neutralization and clearance of baéterial cells
from the hemocoel (Kawasaki, 1993). A éécond cockroach lectin,‘ LPS binding protein
(Jomori, 1990) was shown to specifically recognize 6n1y E. coli LPS. A transient third
lectin (Kubo, 1993) mediates the regeneration of cockroach legs implying a role in
morphogenic development, but not defense.

A Ca**-dependent lectin from the grasshopper Melanoplus differentialis specifically
binds D-galactose and D-glucose (Stebbins, 1985). This protein is a = 700 kDa aggregate
of individual 70 kDa units, each consisting of 40 and 30 kDa subunits (Stebbins, 1985).
Recent evidence from the purified protein indicate the 70 kDa unit consists of two similar or
identical = 36 kDa subunits (Wenzlick, 1996) and the 30 kDa subunit previously identified
is a contaminant. The grasshopper lectin is synthesized in the fat body, testis and ovaries
(Stiles, 1988) and secreted into the hemolymph where it has demonstrated opsonic
properties towards blastospores of the fungus Beavaria bassiana Wheeler, 1993). The
protein has also been associated with the outer membrane of hemocytes (Bradley, 1989).
Synthesis of the grasshopper lectin is not induced by injury to the body wall or bacterial
infection. The protein is considered present in the hemolymph at a level sufficient to allow
function as an effective defense molecule (Wheeler, 1993). cDNAs coding for portions of
two lectins from grasshopper have been isolated and sequenced (Rognlie, 1991). The

coded amino acid sequences are similar, but do not match sequence obtained from the




lectins isolated in this laboratory. Completion of these cDNAs represents one focus of this

work.

Amino Aéid Sequences for Invertebrate Lectins |

The amino acid sequences for several invertebrate lectins have been determined and
25-35% homology between these sequences in regions defining their carbohydrate
recognition domains (CRD) has been demonstrated. This alignment is shown in Figure 1
and includes two vertebrate lectins, rat mannose binding protein (MBP) and human E-
selectin (ESEL). The amino acid sequences for the Periplaneta lectin from cockroach
(Jomori, 1991), the lectin from flesh fly (Takahashi, 1985) and the partial sequence from
grasshopper (Rognlie, 1991) each ha;bor invariant residues at key posifions suggesting the
presence of a C-type lectin ‘fold’ (Drickamer, 1992). This “fold’ is defined by the crystal
structure (Wéis, 1992) for the expressed rat mannose binding protein (MBP). The C-type
architecture consists of four strictly conserved Cysteine residues connected via two
disulfide bridges such that a 3 dimensional “loop-within-a-loop” motif is formed. The
loops are stabilized by two Ca™ ions which are also required for carbohydrate binding,
thus the name “C-type”. The Ca* ions are unique within fhis family of proteins because
they are bound to both protein and carbohydrate substituents (Weis, 1996).

The lectin(s) from grasshopper is a C-type lectin (Stebbins, 1985). The strict
conservation of amino acids in key positions implies the sequence defining the CRD from
grasshopper may occupy a similar C-type fold as defined by MBP and ESEL. Character-
ization of the structures for known C-type CRDs like MBP, and comparison with
homologous sequences provide the basis for predicting the 3D structure for a CRD from a
grasshopper lectin. Construction of a homology model (Sutcliffe, 1987) for a CRD from

the grasshopper lectin represents a second focus of this project.
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Figure I. Amino acid sequences for nine invertebrate and vertebrate C-type lectin CRDs.
A CRD is defined by the amino acid sequence between the terminal Cys residues disulfide
bridged to form the large loop (Weis, 1992 & Graves, 1994). These positions are marked
with an asterisk. Seven invariant positions are shaded gray and nine positions conserved
or conservatively substituted are boxed. 3CRD1 is the N-terminal CRD encoded by the
clone 3 sequence (Rognlie, 1991). ESEL=human E-selectin, MBP=rat mannose binding
protein, FLY=Aeshfly, LPS=cockroach, TUN=Ilunicate, ECH=echinoidin and BRA2 &
3=bamacle.



Structure Prediction by Homology

Sequences for over 100,000 proteins have been reported yet strucfure determination
from X-ray crystallography and NMR spectroscopy has provided less than 2000 solved
structures (Sali, 1993). The growth of this disparity has stimulated the development of
predictive tools to generate reasonable model structures given only the amino acid
sequence. Modeling by homology to known structures is one example (Bajorath, 1993).
Numerous protein structures e. g. insulins, globins and serine proteases confirm that
related proteins from different species adopt similar tertiary structures characteristic of the
family (Blundell, 1993), '

There are no crystal structures available for a C-type domain from an invertebrate
lectin. However, the amino acid sequences of several invertebrate C-type CRDs have been
determined. When aligned with each other and representative members of the vertebrate C-
type lectin family including MBP and ESEL, these sequences derﬁonstrate = 30% overall
identity and 100% identity at 8 invariant amino acids positions (Figure 1). It is logical that
these invertebrate sequences may occupy a 3D structure similar to that defined by MBP and
ESEL (Drickamer, 1994). The crystal structures for MBP and ESEL represent structural
templates on which the sequence for the C-type CRD from the grasshopper lectin may be
modeled by homology (Blundell, 1993). A 3D model for a grasshopper CRD represents

the second focus of this study.

Classification of Lectins

Lectins comprise a structurally diverse class of proteins defined by their ability to
bind carbohydrate (Rini, 1995). It is possible to group lectins into distinct families of
homologous proteins that share common structural and functional properties (Sharon,

1993). Animal lectins can be divided into two distinct families; 1) C-type lectins




(Drickamer, 1988) and 2) S-type lectins or galectins (Barondes, 1994). The lectin from
grasshopper is considered a C-typé lectin, thus discussion will focus on C-ty:pe lectins and
the two representative crystal structures from this family of proteins.

The C-type lectins are a family of carbohydrate binding proteins characterized by
the presence of a = 15 kDa , Ca’*-dependent CRD. This family includes endocytic
receptors (Lodish, 1991) such as hepatic asialoglycoprotein receptor, ‘selectins’ (Geng,
1992 and Whelan, 1996) which mediate targeting and adhesion of leukocytes to endothelial
cells and ‘collectins’, innate defense protei'ns found in the extracellular matrix and in serum
' (Holmskov, 1994). These proteins contain one or more CRDs that range from = 115 to
134 amino acid residues in length (Drickamer, 1994). The C-type lectin CRD contains 8
invariant amino acid positions and 8 positions which are conserved in character
(Drickamer, 1993). These residues play critical roles in defining the architecture of the
authentic C-type lectin CRD, including the characteristic pattern of disulfide bonds between
conserved Cys residues and the ligation of bound Ca** by aspartate, asparagine and
glutamate (Weis, 1992).

The most studied of the vertebrate C-type lectins are the Type III lectins. Also
called collectins (Hoppe, 1994), these proteins have an amino-terminal collagen-like
domain with CRDs located at the carboxy-most end of the polypeptide (Holmskov, 1994).
Mannose binding protein (MBP) is a member of this family. These proteins are found in ,
the serum (Hoppe, 1994) or secreted as part of the lung surfactant (Kuroki, 1994) where
they provide an innate immune response in which “nonself” is distinguished from “self”
baséd on the presence of cell-specific carbohydrate moieties on the surface of potentially
pathogenic microorganisms (Holmskov, 1994). Serum mannose binding protein fixes
complement and acts as an opsonin (Lu, 1990) to invoke the antibody-dependent arm of the
Mune system. The x-ray crystal structure for rat MBP has been determined (Weis, .

1992).
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E-selectin is a Type IV C-type lectin (Drickamer, 1994) containing a CRD similar to
that seen in rat MBP (Graves, 1994). These adhesion molecules are expressed on
endothelial cells at a site of inflammation and sérve to bind carbohydrate on the surface of

circulating neutrophils and monocytes responding to the perturbation (Whelan, 1996).

Structure of Rat MBP

Two X-ray structures for a single CRD from rat mannose-binding protein A have |
been solved (Weis, 1991 and Weis, 1992). The first structure was solved at 2.3 A
resolution (Weis, 1991; PDB filename=pdblmsb.ent). This protein is a collectin serving
an antibody-independent host defense function as discussed above. A second structure, in
complex with an oligb-mannose asparaginyl oligosaccharide, has been reported at 1.7 A
resolution (Weis, 1992; PDB filename =pdb2msb.ent). A ribbon diagram and space-filling
model for the MBP structure are illustrated side-by-side in Figure 2 (top). Four conserved
Cys residues are shown ;IS space-filled atoms within the ribbon diagram. These residues
are colored by atom e. g. yellow=S, red=0, blue=N, green=C and white=H. Cys128 and
Cys217 are bridged by a disulfide bond forming the outer loop of the ‘loop-within-a-loop’
motif. The ribbon defining this loop is purple. Cys195 and Cys209 are bridged to form
the small 15 amino acid loop which is colored white. This arrangement defines the
archetypal C-type motif discussed on page 7. Conserved residues and those serving as
Ca’* ligands are colored orange and labeled using the single letter abbreviation for the
amino acid residue and its position number in the amino acid sequence. The space-filling
model of the CRD helps illustrate the globular nature of this domain and the relative

4

orientation of the small loops, conserved residues and Ca** ligands. Atoms of the big loop
are colored purple as defined in the ribbon diagram while atoms représenting the small loop

are white. Conserved residues and Ca** ligands are colored orange. Roughly 50% of
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Figure 2. Ribbon structures and space-filling models for the crystallized CRDs from rat
MBP (top) and human E-selectin (bottom). Space-filled atoms in each ribbon represent
conserved Cys residues bridged to form the C-type motif. Ca2tligands are orange and
labeled by residue and sequence position in each ribbon structure. The small loop in the
motif is colored white in both ribbon diagrams. The large loop in MBP is purple and green
in ESEL. Comparison of MBP and ESEL illustrates qualitative similarities including the
spatial orientation of conserved Cys residues forming the large and small loops and the
location of Ca2+ligands.
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this structure is represented by loops and extended conformations and 50% is comprised of

" two o helices and five B sheets (Rini, 1995).

The C3 and C4 hydroxyl groups of the terminal mannose interact directly with one
Ca* ion. In addition, Glu185, Asn187, Glul93 and Asn205 sidechains form coordinate
covalent bonds with Ca®* (Iobst, 1994). The B carbon of His189 is also within a van der

Waals distance of C, on the terminal mannose ring (Iobst, 1994). The His189 CB forms

one edge of the carbohydrate binding site.

Human E-selectin: Structure and Comparison
to Rat MBP

The X-ray structure for the human C-type lectin domain of E-selectin (ESEL) has
been solved at 2.0 A resolution (Graves, 1994; PDB filename=pdblesl.ent). A ribbon
diagram and space-filling model for this structure are also illustrated in Figure 2 (bottom).
’i‘he four conserved Cys residues are shown as space-filling models within the_ ribbon
diagram and colored as described for MBP. For ESEL, Cys19 and Cys117 are bridged by
a disulfide bond fbrming the outer loop of the motif which is colored green: Cys90 and
Cys109 are bridged to form the small loop which is shown in white. As in the structure for
MBP, this arrang.emen't defines the archetypal C-type motif. Conserved residues and those
serving as Ca* ligands are colored orange and labeled by amino acid residue and sequence
position. In the space-filling model, atoms representing the big loop are colored green.
Atoms representing the small loop are colored white and conserved residues and/or Ca*
ligands are orange. As described for MBP above, roughly 50% of the CRD from ESEL is
represented by loops and extended conformations while 50% occupies two o helices and

five B sheets (Rini, 1995).
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Quantitatively, the structures for CRDs from MBP and ESEL are similar. The root-

mean-square difference (RMSD) calculated over equivalent C_-backbone atoms is 1.94 A.

Comparison in Figure 2 also illustrates four qualitative similarities: 1) the spatial orientation
of disulfide bridges between conserved Cys residues defining the 102 residue and 111
residue large loops in the MBP and ESEL, 2) the 15 residue and 20 residue small loops for
MBP and ESEL, 3) the space occupied and the orientation of these loops with regard to one
another and 4) the space and orientation of conserved residues and Ca** ligands. The five
residue insert in the small loop of ESEL occupies a 3D space which forces the second a

helix in this domain to occupy a slightly different conformation when compared to MBP.

Using Homology Models

Computer-based modeling of an amino acid sequence based on the known crystal
structures for one or more reference proteins is now commonly used to generate a 3D
structure for a polypeptide (Bajorath, 1993). Model building of the HIV protease (Weber,
1989) based on the structure of Rous Sarcoma virus protease (Wlodawer, 1989) has
allowed assessment of the homology generated model based on the later determination of
the HIV protease structure (Weber, 1990). The model differed from the crystal‘ structure
by an RMSD of 1.4 A over all equivalent C,-backbone atoms.

Four homology models have been constructed based oﬁ the crystal structure for rat
MBP. The lectin-domain of the human and fnurine.low-afﬁnity Fce receptor (Padlan,
1993) were the first to be constructéd using MBP. The neural cell adhesion protein, |
fasciclin III (Castonguay, 1995), the putative T-cell activation antigen CD69 (Bajorath,
1994) as well the type II antifreeze protein (Sonnichsen, 1995) from smelt and herring have
all since been modeled based on the known structure for MBP. A homology model for

ESEL (Erbe, 1992), prior to solution of its crystal structure, was also built based on the
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structure for MBP. Comparison of the final model with the crystal structure (Graves,
1994) suggests that use of only MBP as a template limited the accuracy of the model in
regions of uﬁusual secondary structure (Bajérath, 1996). The crystal structures for both rat
MBP and human ESEL were recently used to model the léctin binding domain of the
human cell surface receptor CD23 (Bajorath, 1996). Two reference structures allow for
better definition of the conserved core regions in this family of proteins (Sutcliffe, 1987),
and also help define structurallly conserved regions where typical secondary structures are
not evident. The increased confidence in defining legitimately conserved regions of the
CRD provides an improved basis for comparative modeling of other members of the C-type

lectin family.
Project Ratidnale

The rationale for this work is based on the assumption that insect lectins represent
potential immuno-recognitory molecules. Current models for invertebrate defense fail to
define the molecular details mediating immuno-recognition (Hoffman, 1995). Insect pests
.compete with man for agricultural products and may act as vectors for disease (Richman,
1995) in both man and animals. Interference or restriction of immune-defense systems
may serve to increase the organisms vulnerability to natural predation or managed control
agents and to enhance the efficacy of biological pest control strategies.. This may contribute
to a reduced dependence on chemical pesticides. Thus, the molecular details related to
immune factors such as possible recognition molecules are important. _Basic structural
characterization of the lectin(s) from grasshopper may help refine models for invertebrate
immune-defense and provide a platform from which further studies will continue to

investigate the structural characteristics of these proteins.
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Previous Work

A cDNA library was previously constructed using a Agtll expression vector and
mRNA isolated from the fat body of the grasshopper Melanoplus differentialis (Hapner,
unpublished). Immuno-screening with rabbit anti-agglutinin antibody identified a lectin-
related cDNA coding for an antigenic B-galactosidase fusion protein. The cDNA insert
from one purified plaque was subcloned into pGEM7fz(+) plasmid vector and sequenced
(Rognlie, 1991). This 300 bp cDNA clone was **P-labeled via nick translation and used as
a hybridization probe to screen the library for additional positive plaques. An additional 17
plaques were identified and three cDNAs (clones 2, 3 & 4) were selected, based on their
larger size, and suBcloned into pGEM7{z(+) plasmid vector. These clones and their
relative size are illustrated in Figure 3. The cDNA inserts in each of clones 2 and 4 were
not completely sequenced. The clone 3 insert was sequenced in both directions (Rognlie,
1991). This 879 bp cDNA contained a single open-reading frame (ORF) encoding a
presumed initiating Met, a 20 residue signal sequence and 268 amino acids. The cDNA did
not contain a stop codon or any 3’ nontranslated sequence through the polyA tail. Limited
cDNA sequence from the 3’ region of clone 4 contained an ORF, a stop codon (TGA) and
polyA tail in addition to a homologous sequence that overlapped the 3’ terminus of clone 3.
The clone 4 sequence was combined with that of clone 3 to complete a hybrid cDNA
representative of a full-length mRNA as defined by the presence of a start codon (ATG),
stop codon and polyA tail. The composite cDNA contained a 972 bp ORF and encoded a
324 amino acid polypeptide with a calculated molecular weight of 36 kDa This value is
similar to that measured for a puriﬁed lectin isolated from grasshopper in the laboratory
(Stebbins, 1985). This work represents the starting point for the research discussed in this

thesis.




composite
972 bp ORF = 324 amino acids

Figure 3. ¢cDNA from clones 1,2,3 and 4 are each represented by a horizontal bar. Black
portions of each bar represent cDNA that was previously sequenced (Rognlie, 1992). Gray
portions were not sequenced in previous work. White portions represent the incomplete 3’
and 5’ ends of the original clones 3 and 4. Clone 1 is the 300 bp cDNA used as a probe to
identify clones 2, 3 & 4. A composite cDNA using sequence from the 879 bp clone 3 and
limited sequence from clone 4 represents a 972 bp ORF coding for 324 amino acids. The
composite ORF represents the status of this project at the start of research discussed in this
thesis. Arrows indicate the start of sequencing primers and the amount of sequence data
obtained from each.
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Project Goals and Approach

The work discussed in this thesis to extend the characterization of the lectin from
grasshopper focuses on three ‘goals: 1) to complete a clone 3-specific cDNA sequence
containing a full-length ORF coding for a lectin from the grasshopper, Melanoplus
differentialis, 2) to complete a clone 4-specific cDNA containing a full-length ORF for a
second lectin and 3) construct a computér—based homology model for a CRD from
grasshopper lectin using the deduced amino acid sequence and the crystal structure
coordinates from rat MBP and human ESEL.

The cDNA sequences from clones 3 and 4 represent incomplete portions of two
homologous lectins. Alignment of these sequences suggested clone 3 was missing = 200
bp at the 3' end including a stop codon and polyA tail. Two strategies for obtaining the =~
200 bp to complete the clone 3 sequence were considered. One, the 14 remaining positive
plaques would be screened using the polymerase chain reaction (PCR) and a clone 3-
specific primer to determine whether a clone 3 sequence representing the missing 3’ end
was present. If successful, the combination of this newly obtained sequence with that
known for clone 3 would provide two cDNAs that together represent the entire coding
region for this lectin. Two, the alternative strategy was to use the Rapid Amplification of
cDNA Ends (3’ RACE) to isolate and clone a cDNA containing the' complete 3’ sequence
using RT°PCR and polyA™ mRNA. Clone 3-specific sequence obtained using this
strategy, combined with the original 879 bp clone 3 sequence would similarly complete a
cDNA representing a full-length ORF for this lectin.

The original clone 4 cDNA sequence was only partially complete at the start of this
research (Figure 3). This clone 4 sequence would be completed first. Alignment of

sequences for clones 3 and 4 suggested clone 4 was missing > 69 bp at the 5' end
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including sequence encoding the initiating Met, signal peptide and 2-4 N -tenﬁinal amino
acids. As discussed for clone 3 above, two strategiles for obtaining the clone 4-specific
sequence representing the complete 5’ end were outlined. Positive plaques would be
screened using PCR and a clone 4-§peciﬁc primer tcs determine whether the 5° sequence for
this clone is p'resent. If successful, the combination of this sequence with that known for
clone 4 would provide two cDNAs that together represent the entire coding region for a
second lectin from grasshopper. The alternative strategy was to use 5° RACE to isolate and
clone a cDNA containing the complete 5° sequence. Similarly, this cDNA would be used
in combination with that known for the original clone 4 to complete a sequence containing a
full-length ORF for a second lectin.

The deduced amino acid sequences for clones 3 or 4 would provide complete
sequence each containing two carbohydrate recognition domainé (CRDs). The 3D structure
for the primary sequence representing the C-terminal CRD from clone 3 would be predicted
based on sequence homology with two reference structures, MBP and ESEL. Structurally
conserved regions between crystal structures for MBP and ESEL were defined and these
coordinates used to build the 3D structure for the grasshopper lectin (GHA) sequence. The
reasonableness of the final model was assessed using Ramachandran plots and 3D Profiles

(Luthy, 1992).
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METHODS

Standard Molecular Biology Techniques

Competent Cells and Cell Transformation
Recombinant plasmid DNA was amplified in Escherichia coli.(E. coli; IM101,

"IM109) rendered competent by CaCl (Sambrook, 1989). A single colony \&as picked
- from minimal media (1X M9 salts, 0.1 M glucose, 0.1 M vitamin B,, 0.2 M MgSO, &
0.01 M CaCl,) and grown to OD=.25-.40 in 50 ml of LB medium at 37°C. Cells were
isolated by centrifugation (4000 g) for 10 min at 4°C. The pellet was resuspended in 10 ml
of ice-eold 0.1 M CaCl, and allowed to stand on ice for several minutes. The cell
suspension was centrifuged as above and the pellét resuspended in 2 ml of ice-cold 0.1 M
CaCl,. A 200 pl aliquot was transformed with = 25 ng (volume < 10 pl) of a recombinant
plasmid. Following a 30 min incubation period at 0°C, cells were transferred to a 42°C
water bath for 90 sec and immediately transferred back to ice for several minutes. 800 pl
SOC medium (2% bacto-tryptone, 0.5% bacto-yeast, 8 mM NaCl, 2.5 mM KCl & 20 mM
glucose) was added and the cells incubated 45 min at 37°C. 25-100 pl aliquots were plated
on LB-AXI plates (100 pg/ml Ampicillin, 80 pg/ml 5-bromo-4-chloro-3-indolyl-B-D-
galactoside, X-Gal & 0.5 mM isopropyl--D-thio-galactoside, IPTG) and grown inverted

overnight at 37°C.
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Promega Magic™ Mini-Prep
The Magic™ Mini-Prep DNA purification system (Promega) is a resin/adhesion-

based strategy which requires approximately 15 minutes to prepare sequenceable plasmid
DNA from 1.5-3 ml of an overnight culture of transformed bacteria. The resin is a
proprietary formulation that binds DNA, leaving associated impurities unbound and readily
washed away. The DNA was eluted from the resin using TE buffer (pH=8) or water.
Concentration was measured using OD,, (1 OD =50 pg/ml). The purity of each prep was
evaluated using the ratio of OD,,,, Wwhere > 1.8 was considered sufficient for sequence

analysis.

Maxi-Prep of Plasmid DNA

A single bacterial colony containing the recombinant plasmid of interest was grown
to OD4,=0.6 at 37°C in 30 ml LB medium containing 100 ug/ml Ampicillin. This culture
was used to inoculate 200-500 ml of LB medium containing 100 pg/ml Ampicillin.
Incubation was continued overnight at 37°C. Cells were harvested by centrifugation at
4000 g for 15 min and the pellet resuspended in 15 ml of buffer (50 mM Tris-HCl, 10 mM
EDTA & 100 pg/ml RNAase A, pH=7.5). Cells were lysed using 15 ml 0.2 M NaOH (1%
SDS). The lysate was neutralized using 15 ml potassium acetate (2.55 M K*CH3COO,
pH=3.5). This solution was centrifuged at 4000 g for 15 min and the supernatant filtered
through cheesecloth. Plasmid DNA in the filtrate was recovered by precipitation with 0.6
volumes of isopropanol. The DNA pellet was washed with 70% ethanol, dried and
resuspended in 1 ml of TE buffer.

Cycle Sequencing

A Sequitherm™ (Epicentre Technologies, Madison WI) cycle sequencing kit was

used according to manufacturers protocol. A minimum of 500 fmols of template DNA was
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used in each reaction. A "premix" of 15 pmol of primer, 10 uCi of «[*>S] dATP, target
DNA, 10X sequencing buffer and 1 U of Sequitherm™ was combined in a volume of 16
pul. Four (4) pl of this "premix" was added to each of 4 extension/termination mixtures (e.
g. dT/ddT, dC/ddC etc.). Tubes were overlayed with mineral oil, denatured for 5 min at
95°C and subjected to 35 cycles of amplification. One cycle was 30 sec at 95°C and 1 min
at70°C. Stop solution, 3 ul was added immediately following the final cycle (95%
formamide, 20 mM EDTA, 0.05% bromophenol blue and 0.05% xylene cyanol FF).

. Sanger Nucleotide Sequencing

Determination of cDNA nucleotide sequence was carried out using the Sanger
dideoxy nucleotide-mediated chain termination method (Sanger, 1977). Sequenase ver 2.0
DNA polymerase (United States Biochemical, Cleveland OH) was used in all reactions
according to manufacturers protocol. DNA (3-5 pg) was denatured in 0.2 M NaOH and
0.1 mM EDTA using a 30 min incubation at 37°C. The solution was neutralized with 0.1
volume 3 M sodium acetate and the DNA precipitated with 3 volumes of absolute ethanol at
-70°C for 15 min. The dried pellet was brought up in 7 pl of H,0 to make reﬂ:ady. for
sequencing. The radio-label used in all sequence reactions was a[*°S] dATP (10 mCi/ml,
Spec Activity = 1150 Ci/mmol; Du Pont Company, Wilmington DE). All templates were

sequenced completely in both directions.

Polyacrylamide Gel Electrophoresis

Polyacrylamide electrophoresis gels (0.4 mm x 21cm x 50cm) and a nucleic acid
sequencing cell (Bio-Rad Laboratories, Richmond CA) were used to separate DNA
fragments. Gels were 8% acrylamide and 8 M urea in 1X TBE (0.09 M Tris-Base, 0.09 M
Boric Acid & .004 M EDTA, pH=8). Two different 2.5 ul aliquots of each reaction were

loaded = 3 hrs apart for a total of 6 hrs. This prevented short fragments representing
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sequence near the primer from running off the gel and resolved longer fragments
representing sequence further from the primer. The gel was maintained at 50-55°C using a
constant 46 W of power over the duration of the electrophoresis. Gels were fixed in a
solution of 10% methanol and 10% acetic acia for 15 min and transferred to Whatmann #3
chromatography paper (Whatmann International LTD, Maidstone UK). A BioRad® Model
583 Vacuum Gel Dryer was used to dry gels for = 1.5 hrs at 80°C. Dried gels were
exposed to X-ray film (Kodak X-OMAT AR, 35 cm x 43 c¢m) for 24 to 48 hours.
Sequence data were. analyzed manually using a light box and magnifying viewer where

necessary.

Storage and Analysis of Sequence Data

GenePro™ (Riverside Scientific, Seattle WA) sequence analysis software was uéed
for storage, manipulation, alignment and comparison of all sequence data. This package
was used on a Zenith Data Systems desktop PC. In addition to storage and alignment
facilities, the software features translation, open reading frame (ORF) and restriction site

analysis.

Selection and Design of Sequence Primers

Design of new sequencing primers and the selection of optimal priming sites
followed three genéral guidelines. All primers for this project were designed with attention
to the following criteria (Berger, 1987); 1) = 50% total GC content 2) 3'terminus is a G
or a C and 3) < 50% identity specifically Within the last 10 (3') bases of the primer.
Oligo™ (National Biosciences Inc., Plymouth MN) was used to calculate melting
temperatures (T & T,) and analyze primer sequences for significant hairpin loops or the

potential to form ‘primer dimers’. Sequencing primers used to “walk” the length of a target
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DNA were also selected to insure = 40 bp of overlap between known and newly obtained

seéquence.

Preparation of Custom Ordered Primers

The sequence and commercial source of each primer used to sequence clones 2, 4
and the 3’ and 5’ RACE products are reported in Table 1. The relative Iocation of the these

primers on clone 4 and the 3’ and 5° RACE products is illustrated in Appendix A. Primers

S', 5'8, 3'B, 3'yand 3'$ were used to complete'the sequence of the original 1093 bp clone

4. These oligos were synthesized by the department of Veterinary Molecular Biology
(MSU-Bozeman) and lyophilized. Primers were resuspended in 500 ul of TE buffer,
vortexed and spun at 13000 g for 5 min. The supernatant was removed and sterile filtered
using a 0.22 micron disposable filter (Gelman Sciences, Ann Arbor MI). The DNA was
then precipitated in 3 volumes of absolute ethanol. Following centrifugation at 13000.g (15
min), the pellet was washed with 500 pl of 70% ethanol and centrifuged at 13000 gfors
min. The final pellet was dried and diluted to 200-400 pl of TE buffer. OD,_,
measurements were used to establish purity and concentration. An aliquot of each primer
was diluted to 1 pmol/ul for use in sequencing reactions.

Primers labeled 3132, 3152 and 3153 were used to sequence the RACE product
containing fhe complete 3’ end of the original clone 3. These oligos were obtained from
National Biosciences Inc. (Plymouth MN) in lyophilized form. Each was diluted in 300 pl
of H,0 and concentration evaluated via optical denéity as described above. Aliquots were

diluted to a working concentration of 1 pmol/ul.
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Table 1. Nucleotide sequences for primers used to sequence cDNA .of clones 2, 4 and the
3’ and 5’ RACE products.

Primer Name Nucleotide Sequence Source

AF 5'-GGT GGC GAC GAC TCC TGG AGC CCG-3' ‘Promega
AR 5'-TTT GAC ACC AGA CCA ACT GGT AAT-3' 'Promega
SP6 5'-GAT TTA GGT GAC ACT ATA G-3°' - 'Promega
77 5'-TAA TAC GAC TCA CTA TAG GG-3' 'Promega
5B 5'-ACT GTG TTT ACG TCG ACG AC-3' VMB
5y 5'-ACT GTG TTT ACG TCG ACG AC-3' *YMB
58 5'-CTA CCT GAC AGG ATT CAC AG-3' YMB
3B 5'-GTT GTT ATT TGG CTC ACC AG-3' yMB
3y 5'-GGC GTG CAC CTT GTA GAA GC-3' YMB
38 5'-GAT CTG TGA TTC CGA TGT TG-3' VMB
3132 5'-CAG CTC CAC TTC GCA GCT CC-3° *NBI
3152 5'-TCT ACA AGG TGC ACG CCG AG-3' *NBI
3153 © 5'-TTC ATC TGT GAG ATA GCA CC-3' *NBI
879PCR  5'-CTT CAA GTT AGG GTT TGG GG-3' ' YMB
1150PROB 5'-CCC CTT CCT CTT TAT GCT CT-3° yMB
4036 5'-GCA CAG TTT TTC GGG TTC AC-3' *NBI

lPromega Corporation, Madlson WI, *Dept of Veterinary Molecular Biology, MSU—
Bozeman, Bozeman MT, *National Blosc1ences Incorporated, Plymouth MN

Screening Remaining Positive Clones

PCR Amplification of Phage DNA

Phage suspensions (Rognlie, 1991) representing each of the 14 remaining positive
clones were stored in SM buffer (0.01 % gelatin, 50 mM Tris-HCI, 100 mM NaCl, 8 mM
MgSO,) and 0.03% CHCI,. A single phenol extraction followed by ethanol precipitation
served to concentrate the DNA and eliminate residual buffer prior to ampliﬁcgtion. The
phage suspension was extracted with an equal volume of phenol followed by 500 ul of
choroform/isoamylalcohol (24:1). After centrifugation at 13000 pm for 2 min,.the

aqueous layer was transferred to a new tube and the DNA precipitated in 0.1 vol 3 M
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NaCH3COO (pH=5.5) and 3 vol of ethanol. The final pellet was diluted to 10 pl in TE
buffer. One to five (1-5) pl was used directly in PCR.

PCR was performed using AmpliTaq™ Gold DNA polymerase (Perkin-Elmer
Applied Biosystems Division, Foster City CA). All reactions were completed according to
manufacturers protocol. A single 50 pl reaction contained 0.02-uM of each primer, 0.2

mM each of 4 dNTPs, 1X amplification buffer and 1-5 pl target DNA as discussed above.

Reactions were denatured at 959C for 10 min and then subjeéted to 30 cycles of

amplification using an automated thermal-cycler (Perkin-Elmer Applied Biosystems). One

cycle consists of 45 sec at 95°C, 45 sec at 55°C and 1 min at 72°C. PCR products are
analyzed by size following electrophoresis on 1.2% agarose gel containing ethidium

bromide.

Phage Growth and Amplification
A single bacterial colony of Y1090 E. coli (Promega Corporation, Madison W)

was grown overnight at 37°C in 5 ml LB medium containing 1% Maltose and 10 mM
MgSO4. Ina 15 ml screw-cap tube 100 ul of the overnight culture was.clombined with =
100 pl of phage suspension and 4 ml molten LB/agarose. This mixture was poured over an
LB plate containing hardened bottom agar. The top agarose was alldwed‘ to harden and the
inverted plate incubated at 37°C overnight or until plaques appeared. To replace original
phage suspensions depleted during screening, single plaques were picked and stored at 4°C
in 1 ml SM buffer containing 0.3% CHCI,. For phage preps, plaques were allowed to
grow to confluence. 3 ml SM buffer was poured over the plate and the top agarose was
gently scraped into a 50 ml centrifﬁge tube. This mixture of top agar, SM buffer and phage
DNA was incubated for 30 min at room temperature and centrifuged (10000 g) _for 10 min

at 4°C. The solid top agar is removed from the mixture by transferring the supernatant
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containing the phage to a new microfuge tube. The phage was treated with a nuclease
mixture (RNAase A and DNAase I at 0.25 mg/ml, 150 mM NaCl and 5% glycerol) for 15
min at 37°C and precipitated in polyethylene glycol (33% PEG 8000, 3.3 mM NaCl) for 30
min on ice. Following centrifigation for 10 min at 10000 g, the pellet was resuspended in
500 pl buffer (150 pM NaCl, 40 mM Tris-HCI, 10 mM MgSO,, pH=7.4). This mixture

was purified using a purification matrix (Promega) and eluted in 100 pl H,O.

Rapid Amplification of cDNA Ends: 3° RACE

Isolation of mRNA

- Total RNA was isolated from freshly dissected grasshopper fat body using Tri-
Reagent™ (Molecular Research Center Inc., Ci_ncinnati OH). Aqueous reagents, glassware
and microfuge tubes were made RNAase-free by treatment with diethylpyrocarbonate
(DEPC). Dissecting instruments were baked in a conventional oven at 350°F for > 5 hrs.
Adult grasshoppers were washed by immersion in a mild detergent followed by 5% bleach
and finally in distilled water. Subjects were pinned and dissected through a véntral incision
from the anus to the head. The entire gut was removed with forceps by clamping at the
posterior and carefully lifting toward the head. Fat body, which lines the internal walls of
the cuticle, was gathered and removed with a forceps. \ Tissue was immediately "snap-
frozen" on a tared container in contact with a‘solid cube of dry ice. Roughly 100 mg of fat
body can be bbtained from 2 grasshoppers. Fat body was homogenized in Tri-Reagent™
(5-100 mg/1 ml) using a 10 ml manual tissue homogenizer and allowed to stand for 5 min
at room temperature to allow for separation of nucleoprotein complexes. Addition of
chloroform (0.2 ml/1ml Tri-Reagent™), vigorous shaking (15 sec) and subsequent
centrifugation at 12000 g induces the separation of the mixture into three phases. The

lower phenol-chloroform phase contains proteins while the interphase contains DNA and
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the upper aqueous phase contains only RNA. This phase was transferreci directly to an
oligo-(dT)-cellulose affinity chromatography column (MRC, Cincinnati OH). The column
was washed twice with 1 ml binding buffer (0.5 M LiCl, 50 mM sodium citrate, 3 Na*
CsH,04° & 0.1 % SDS) and eluted with 0.5 ml elution buffer (1 mM Na*,C;H,0,%, 0.1 %
SDS). PolyA™ mRNA was recovered by precipitation in two volumes of isopropanol at
room temperature. Following centrifigation at 10000 g for 15 min, the pellet was air dried
and brought up in 20 ul H,O. Final concentration was measured us_ing optical density at

260 nm (1 OD,,;=40 pg/ml).

cDNA Synthesis
Synthesis of cDNA was done according to the protocol for 3' RACE (Life

Technologies™, Gaithersburg MD). This protocol is based on a strategy first outlined by
Frohman (1989). The corhplete procedure is outlined in Figure 4. The 20 pl synthesis
mixture contained 1 pg of polyA* mRNA, 20 mM Tris-HCI, 50 mM KCl, 2.5 mM MgCl,,
100 pg/ml BSA (Bovine Serum Albumin), 10 mM DTT, 500 nM adapter primer (AP) and

500 pM each of 4 ANTPs. Five (5) units of SuperscriptlI™ reverse transcriptase were

added and the reaction incubated at 42°C for 30 min. The mRNA template strand was
digested with 10 U of RNAase H for 30 minutes at 37°C. Two (2) pl of this reaction were
used in RT-PCR.

RT-PCR of the 3' End of Clone 3

The 3' end of clone 3 was amplified using a gene-specific primer (GSP=879PCR)
and the universal amplification primer (UAP). The 50 pl reaction mixture contains 2 ul of
newly synthesized first-strand cDNA and 10 mM Tris-HCl, 50 mM KCl, 2.5 mM MgCl,
100 pg/ml BSA , 200 nM gene-specific primer (879PCR), 200 nM universal amplification
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FATBODY”"Z)

J

mRNA 5'- — — AAAAAAZ"
TTTT-CAGCTG-5"

cDNA1 3'- mTTTT -CAGCTG -5
|Ncol *+ UAp CAGCTG-5"
PCR 57— —  OCATOG GTCGAC -3
3- -QGTAX CAGCTG -5
100 bp—j
5 -CATGG G- 3
INSERT 3T C CAGCT- 5
VECTOR

Figure 4. The 3’ RACE strategy used to isolate and clone the 3’ end of clone 3. mMRNA is
isolated from fat body and first strand cDNA is synthesized using a polyT primer and
Superscript!!™ reverse transcriptase. The primer contains a Sal! restriction site. MRNA is
digested with RNAase H and PCR is completed using the gene-specific primer (GSP)
‘879PCR’ and a universal amplification primer (UAP). The 800 bp PCR product is
digested with Ncol and Sal! restriction enzymes creating ‘sticky ends’ for ligation into
pGEMS5fz(+) plasmid vector. Restricting the original 800 bp product with Ncol cleaves
100 bp from the fragment making the insert ~ 700 bp.
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primer (UAP), 200 uM dNTPs and 0.5 U Taq polymerase. This mixture was subject to 35
cycles of the following amplification sequence: 45 sec at 94°C, 45 sec at 60°C and 2.0 min

at 72°C. Amplification products were visualized in 1.2% agarose gels containing ethidium

bromide.

Cloning the 3' End of Clone 3

A search of the known sequence for clone 3 revealed an Ncol restriction site 388
bases from the 3' end of this sequence. The UAP primer contains a Sall restriction site.
Restriction of this RT-PCR product with these enzymes produces “sticky ends” for ligation
intp a complementary plasmid vector. pGEM-5zf(+) (Promega Corporation, Madison WI)
' contains both Ncol and Sall sites and the amp’ -lacZ genes for blue/white color selection of
transformed cells. 1 U of T4 DNA ligase and a 3:1 mblar ratio of insert to vector (50 ng/35
ng) in a total volume of 10 ul was incubated overnight at 15°C to complete the ligation
reaction. Competent E. Coli (JM101) were transformed with 2 pl of this mixture and

plated on AXIT Plates.

Rapid Amplification of cDNA Ends: 5' RACE

Isolation of mRNA.
PolyA* mRNA was isolated from freshly dissected grasshopper fat body using Tri-

Reagent™. This protocol is discussed in detail on page 26.

cDNA Synthesis
cDNA synthesis was done according to the protocol for 5' RACE (CLONTECHT™

Laboratories Inc., Palo Alto CA). The complete 5° RACE procedure is outlined in Figure
5. The 30 pul synthesis reaction contained 2 ug of polyA* mRNA, 40 units RNAase
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inhibitor, 25 units MMLV RT (Moloney Murine Leukemia Virus Reverse Transcriptase)
and was 0.33 mM each of 4 dNTPs, 1X RT buffer and 0.03 uM polyT primer. This

mixture was incubated at 52°C for 30 min. Second strand synthesis was completed usinga

10 pl aliquot of the 1st strand synthesis reaction and an ”enzyme.cocktail" containing
RNAase H, E. coli DNA polymerase I and E. coli DNA ligase. The mixture was incubateq
at 16°C for 2 hr. Double stranded cDNA was blunt-ended by adding 5 U of T4 DNA
polymerase and incubating for an additional 30 min at 16°C. ¢cDNA was isolated using

Prep-a-Gerie™ DNA purification matrix (BioRad Corp., Hercules CA).

Ligation of DS-Anchor Sequences to cDNA '
The double-stranded anchor sequence (AS) was ligated to each end of the cDNA.

The 10 pl ligation reaction contained 2 pl of double-stranded cDNA discussed above, 4
pmol of anchor sequence, buffer and 10 U of T4 DNA Ligase. This mixture was incubated
at room temperature for 24 hrs. 'fhe anchor ligated-cDNA was diluted 1:25 prior to use in

PCR.

PCR Amplification of the 5' End of Clone 4

The 5' end of clone 4 was amplified using a gene-specific primer (4036) and the
anchor primer (AP). A 50 ul reaction confaining 2 pl of the anchor-ligated cDNA (1:25)
and 1 U AmpliTaq Gold™ (Perkin Elmer Apphed Biosystems Division, Foster City CA)
contamed 10 mM dNTPs and 10 pM of each primer. This mixture was heated 10 min at

95°C and subjected to 35 cycles of amplification (45 sec at 94°C, 45 sec at 55°C, 2 min at

720C). Amplification products were visualized using a 1.2% agarose gel containing

ethidium bromide.
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Q T fATBODY TTA"

MRNA 5'- AAAAAA - 3
S — TTTTTT-5

CDNA2
CDNAL 3'- TTTTTT- 5
GSP
PCR
3-A

INSERT s

3-A 5 -T
VECTOR . A3

Figure 5. The 5’ RACE strategy used to isolate and clone the 5’ end of clone 4. mMRNA
was isolated from fat body and first strand cDNA synthesized using a polyT primer and
MMLYV reverse transcriptase. Following second-strand cDNA synthesis, the double-strand
cDNA was blunt ended using T4 DNA Polymerase and isolated using Prep-a-Gene™.
Double-stranded ‘anchor sequences’ were blunt-end ligated to the DNA and PCR
completed using the gene-specific primer (GSP) ‘4036’ and an anchor primer, AP’. The
PCR product was = 110OObp and contains sequence representing the 5’ end of the original
clone 4. This product was ligated directly into pGEM-T vector.
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Cloning 5' End of Clone 4

The pGEM-T plasmid vector (Promega, Madison WI) contains amp'r and lacZ genes
for blue/white color selection of transformed cells. This vector was commercially modified
to have overhanging thymine (T) residues for the direct stiéky end ligation of PCR products
with complimentary adenine residues (A). This “A/T” cloning approach takes advantage of
the non-template directed addition of ‘A’ by Taq polyrherase to the 3’ end of the DNA. 1 U
of T4 DNA ligase and a 3:1 molar ratio of PCR product (insert) to vector (50 ng/35ng)in a

total volume of 10 ul was incubated overnight at 15°C to complete the ligation.

Homology Model Development

A molecular model for a CRD from a grasshopper lectin was generated using
InsightII™ v2.3.5 and Homology v2.3 (Biosym Technologies Inc., San Diego CA). This
software package was employed using a Silicon Graphics 4D/35 workstation running;r IRIX
v5.0. The deduced amino acid sequence from clone 3 encoding the C-terminal CRD was
used to represent the model sequence. This CRD has the highest sequence homology with
each of MBP (31%) and ESEL (30%). The CRD begins at Alal91 and ends at Cys300.
The reference structure coordinates for rat MBP and human ESEL were obtained from the
Brookhaven Protein Data Bank (Brookhaven NY). A structure for MBP is available in
complex with oligofnannose at 1.7 A resolution (Wies, 1992;file=pdb2msb.ent). The C-
type CRD is represented by 102 residues beginning at His115 and extending through Cys
217. The coordinates for ESEL have been determined at 2.0 A resolution (Graves,
1994;file=pdbesel.ent). The C-type CRD in this structure is represented by 110 residues
from Thr7 to Cys117. ESEL was used as the second reference structure during

construction of the model. No other crystal structures for C-type lectins are available.
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Conserved Regioﬁs Within Reference Proteins
Structurally conserved regions (SCRs) within MBP and ESEL were defined in two

steps. Sequences were first aligned automatically using GenePro™ to maximize alignment
of identical residues. The result was manually modified by introducing gaps to insure

alignment of the twelve (12) strictly conserved residues in this region of the sequence

(Drickamer, 1993). These residue_s include Gly158, Trp181, Pro186 and known Ca2+
ligands Glu185, Asn187, Asp188, Glu193 and Asp194 in addition to four Cys residues
128, 195, 209 and 217 defining the C-type architecture. ‘Gaps were introduced between
regions of defined secondary structure, based on the known structures for each reference _
protein. SCRs were then defined by s1-1perimposing equivalent Cg, backbone atoms of the
two reference structures over regions of the sequence répres‘enting known secondary
structure elements. Structural conservation was defined using root-mean-square (RMS)
differences (Bajorath, 1993). Any region of the sequences where the RMS deviation
between the two references was < 0.75 A was defined as an SCR and used in construction

of the final CRD model.

Model Sequence-Reference Structure Alignment
The grasshopper lectin sequence defining the model CRD extends from Ala 191 to

Cys300. Corresponding residues in rat MBP and ESEL are His115 to Cys217 and Thr 7
to Cys117, respectively. Alignment of the model CRD from grasshopper lectin and the C-
type lectin domains of MBP and ESEL were generated using GenePro™. Automatic
alignment with each reference protein separately provided alignments based on maximum
identity. These alignments guided the manual adjustments needed to introduce gaps in the
model sequence to insure that the twelve (12) strictly conserved residues were aligned and
that gaps were not introduced in the GHA sequence where regions of formal secondary

structures may exist.
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Construction of the GHA Homology Model
The GHA model CRD was constructed using the atomic coordinates from rat MBP

and ESEL. In SCRs, model coordinates were assigned from the reference structure with
the higher sequence homology to the GHA sequence. The loops between SCRs were
modeled using two different strategies. Loops having the same number of residues as the
corresponding loop in either (or both) reference structure(s), were modeled using
coordinates directly from MBP or ESEL (Villoutreix, 1994). As with SCRs, reference
coordinates (either MBP or ESEL) were selected based on homology with the model
sequence. Coordinates for loops containing insertions or deletions were extracted froma _ -
structurally nonredundant database of high-resolution atomic structures using a loop search
algorithm (Protein Data Bank, Brookhaven N Y)‘. Potential loops were evaluated using
RMS differences following superposition of C, atoms at the junction of the loop with
corresponding residues defining the flanking termini of SCRs on each side of the loop.
The best loop is one in which the SCR on either side will superimpose onto adjacent
regions of the test loop with a low RMS deviation. A suitable loop conformation is defined
as one that does not create unfavorable steric clashes with the rest of the structure or
introduce unreasonable peptide bond dihedral angles at the splice-junction.

Side chains in the SCRs were mutated to reflect the sequence of GHA from
grasshopper. The stereochemistry of new side-chain residues in the model were adjusted
manually if necessary to avoid the introduction of non-allowed torsional angles and severe

van der Waals overlap.

GHA Model Refinement
To relax backbone structures and refine stereochemical contacts, the initial model
was subjected to constrained energy minimization calculations using Discover™ (Biosym

Technologies, Inc., San Diego, CA). All calculations were carried out using the CVFF




35

forcefield (Consistent-Valence Forcefield) and an 8 A cutoff distance for non-bonded
interactions (Castonguay, 1995). All calculations were done in vacuo, without water.
Initially, hanﬁonic constraints of 100 kcal/mol/A? were applied to all backbone
atoms except the loop régions, and constrained energy minimization was carried out for
1000 iterations using a steepest descents algorithm. This was followed by 1000 iterations
using a conjugate gradient algorithm until the RMS derivative of the energy function was

less than 5 kcal/mol/A2, This was done to refine the loop-SCR splice junctions. To refine

loop backbone atoms, harmonic constraints of 30 kcal/mol/A2 were placed on all loop side
chains and minimization was carried out for 1000 iterations using steepest-descents, or
until the RMS derivative of the energy function was less than 5 kcal/mol/A2. To complete

the model refinement, unconstrained minimization was done using a conjugate gradient

algorithm until the RMS derivative of the energy function was < .2 kcal/mol/A2

(Castonguay, 1995).

Assessment of the GHA Model CRD

Assessment of the model seeks to answer the following question: Is the 3
dimensional structure for the model a reasonable representation of the primary sequence?
Evaluation is based on the comparison of assessmenf measures made on the model itself as
well as the two reference structures. The results of assessment for the model should
compare favorably to those of the reference structures to conclude the final CRD model is a
reasonable 3 dimensional representation of the sequence.

Initial assessment of the CRD models was carried out ilsing a Ramachandran piot of
the Psi (y) and Phi (¢) angles for each residue in the structure. This asséssment is based
on two related properties, 1) the spatial exclusions placed on conformations of any

polypeptide based on a finite range of ¢ and v, and 2) the comparisqn of the ¢ and v
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angles in the model structure which fall within ‘allowed’ regions of the plot vs those which
fall outside these regions for both the model and the reference structures. Further
comparison of these angles to other homology models built based on the same crystal
structure also provide an assessment tool to define the reasonableness of the final structure.
Plots were generated using Excel 5.0 (Microsoft Corporation, Bellevue WA) on a
33MHz/486-based PC running Windows 3.1. A ".txt" file of ¢-y anglés was first
generated using the Biopolymer™ module (Biosym Technologies, San Diego CA) of
InsightIT™. A check of dihedral angles in the model to insure adherence to the +180°
required for a trans peptide bond was also done using the Biopolymer™ module within
InsightIT™. Dihedral angles can be used to evaluate loop/SCR éplice-junctions and
determine the quality of the loop coordinates selected in the early steps of the model
building process. Poor dihedral angles may indicate the need for selection of different loop

coordinates.

Assessment of Sequence-Structure Compatibility

" The sequence-structure compatibility of the GHA model was assessed using the a
three'-dirn.ensional profile analysis as implemented by 3D-Profiles™ (Eisenberg, 1991). 3D
profile assessment is a quantitative evaluation of the model CRD and seeks to assess the
compatibility of the model sequence With the 3D structure it has been folded into (Luthy,
1992). This represenfs the inverse protein folding problem (Godzik, 1992). The strategy
is based on conversion of three-dimensional residue environments found in the final model
into a one-dimensional sequence of environments. Eighteen categories of environments
have been defined based on the area of the side chain that is buried, the fraction covered by
polar atoms and the type of secondary structure it occupies (Bowie, 1991). The 3D profile
is constructed as follows, 1) each sidechain in the model is assigned a categog and 2) a

3D probability score representing the probability of finding that sidechain in its assigned




37

category, 3) the sequence of probability scores are summed to provide the S, .o and/or
plotted to provide the physical profile. A comparison of S,cores fOr the model CRD and each
of the reference structures represents the assessment. The folded model sequence should
provide scores compatibie to each reference if the overall structure is a reasonable 3D
representation of the sequence. Likewise, the physical profile plot of the sequence of 3D-
1D probability scéres should also be similar. 3D profile assessment of the model CRD in |

this project suggests the folded structure of the model is a reasonable 3D representation of

the sequence.
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RESULTS

A cDNA library was previously constructed from fat body mRNA using a Agtll
expression vector (Hapner, unpublished). A 300 bp cDNA was isolated via an antigenic
fusion protein, *?P-labeled and used as a hybridization probe to screen the library.
Seventeen plaques were identified and three (clones 2, 3 & 4) were isolated and subcloned
These clones were diagrammed in Figure 3 (p 16). The 879 bp clone 3 cDNA contained an
ORF encoding an initiating Met, a 20 residue signal sequence and 268 amino acids, but not
a stop codon or 3’ nontranslated sequence through the polyA tail (Rognlie, 1991). Lirnited
cDNA sequence from clone 4 was combined with that of clone 3 to complete a hybrid
cDNA representative of a full-length mRNA as defined by the presence of a start codon,
stop codon and polyA tail. The overlapping sequence between each of clones 3 and 4 was
not identical, suggesting each represented distinct mRNAs. Alignment of these sequences
indicated clone 3 was nussmg 200 bp of 3’ sequence representing a stop codon and
polyA tail. Clone 4 was missing = 69 bp at the 5’ end representmg 2-4 N-terminal amino
acid residues, a signal peptide and start codon. Completion of these sequences and the use
of the deduced amino acid sequence to construct a homology model for one CRD is

reported below.




39

cDNA Sequence for Clone 2

Clone 2 was sequenced in one direction and determined to be 737 bp in length.
Alignment of this cDNA sequence with that for clone 3 proved the two to be identical and

thus representative of the same mRNA. This clone was not studied further.

cDNA Sequence for Clone 3

Search for the 3’ end of Clone 3

The 3’ end of the original 879 bp clone 3 was incomplete. Seventeen positive
plaques were originally identified, but only three were subcloned and sequenced (clones 2,
3 & 4). The 14 remaining plaques were screened using PCR and a clone 3;speciﬁc primer
to selectively amplify an insert(s) which contains the = 200 bp representing the 3’ end of
clone 3. The size of a clone 3-specific insert containing the missing 3' sequence would be
~ 800 bp, based on alignment with clone 4. Twelve of the 14 remaining positive plaques
were amplified with the clone 3-specific 879PCR primer, but no products proved to be of
sufficient size to contain the =~ 200 bp representing the 3’ end of this clone: Figure 6
illustrates the PCR products obtained for clones 1, 2, 5, 6a, 6b, 7c, 8,9, 10,11, 12, 13,
14 and 15 (Rognlie, 1991). Plaques 7c and 13 did not amplify using the clone 3-specific
primer. All amplified products are < 600 bp. These data suggest the clones do not contain
the =~ 200 bp that would complete the cDNA sequence for clone-3. It was concluded this
sequence was not accessible in the current cDNA library using this method. The alternative
3’ RACE strategy was employed to selectively isolatg and clone this seqﬁence from polyA*

mRNA. This work is discussed below.
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¢+ 8 9 10 11 12 13 14 15 ()

600 bp
300 bp

Figure 6. Screening the remaining 14 positive plaques using PCR with the gene-specific
primer, 879PCR. <= <|>xI74/Hae |11 DNA ladder. = negative control using 879PCR
with a clone 4-specific target. The absence of an amplified product in this lane illustrates
the clone 3-specificity of the 879PCR primer. “+” = positive control using the 879PCR
primer to amplify the original 879 bp clone 3 insert from a recombinant plasmid. The ~
600 bp band in this positive control illustrates the expected size of a clone 3-specific PCR
product without the 3’ end. Plaques 1,2,5, 6a, 6b, 7c, 8, 9, 10, 11, 12, 13, 14, 15 are
the fourteen positive plagques originally isolated by hybridization with the 300 bp cDNA.
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Rapid Amplification of cDNA Ends: 3° RACE

mRNA Isolation. mRNA was isolated using Tri-Reagent™. A total of 1.5 g of fat
body tissue was dissected and stored at -85°C., Approximately 350 ug of total RNA and 16
ng of polyA* mRNA was isolated from =~ 100 mg fat body tissue (OD260/280 = 1.7). Two

" (2) pg of polyA* mRNA was used per RT°PCR reaction.

RT-PCR Amplification. First strand cDNA synthesis and subsequent PCR
amplification (RT<PCR) using the gene-specific primer (879PCR) and the universal
amplification primer (UAP) produced a single band =~ 800 bp as visualized by agarose
electrophoresis and ethidium bromide staining. This band is pictured in each of lanes 1 and
2 of Figure 7. Estimated yield is = 30 ng. The 800 bp product is large enough include the
complete 3’ sequence for the original clone 3. |

Restriction Analysis. Verification of the clone 3-authenticity of the 800 bp RT-PCR
product before cloning was done using restriction analyses with Ncol, Xhol and EcoRI
restriction enzymes. These enzymes were selected based on the location of their restriction
sites in the sequence known for the original clone 3. The ~ 800 bp band was excised from
the gel using Prep-a-Gene™ and subjected to separate restriction analyses. The results of
these restriction analyses are pictured in Figure 8. For a cléne 3-specific fragment,
restriction with Ncol should cleave off 100 bp leaving a 700 bp product. qRestriction with
Xhol should cut the fragment approximately in half leaving two fragments of = 440 bp and
=~ 390 bp and restriction with EcoRI should cut this fragment one time producing fragments
of = 500 bp and = 350 bp. In each case, the predicted size products were obtained. These
results verify the = 800 bp 3’ RACE product is clone 3-speéiﬁc and contains sequence that

represents the complete 3’ end of the original clone 3.
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Figure 7. 3’ RACE products obtained using 879PCR and UAP primers with 1st strand
cDNA made directly from grasshopper fat body, d = <|)xI74/Hae 11l DNA ladder. =
negative control with 879PCR and UAP primers, but no DNA template. “+” = positive
control using 879PCR and XF with clone 3 plasmid DNA as template. | and 2 are 3’
RACE products. These products appear = 800 bp in size, large enough to contain the
complete 3’ end of the original 879 bp clone 3.

Ligation into pGEM5fzf+l and Transformation
of Competent Cells

The =700 bp Ncol restricted product was excised from the gel and restricted with
Sail, creating a second sticky end for cloning. This product was ligated into a pGEM5fz
plasmid vector opened with Ncol and Sail. Transformation of competent cells and
overnight growth on AXI plates revealed 176 blue and 25 white colonies. White colonies
should harbor a recombinant plasmid based on a-complementation and blue/white color

selection. Transformation efficiency was 5.34 x 106colonies/pg DNA. Five white
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29 bp
879PCR
3' RACE ' IXhol
Product
Ncol
@ EQORI AUAP

Ncol Cut -729 bp
Xhol Cut | 394 bp----- w35 bp —-
EcoRI Cut e 488 bp — 341 bp

(()Y++< 1 2 3 <«

600 bp
300 bp

Figure 8. Verification of the clone 3-authenticity of the ~ 800 bp 3° RACE product. This
829 product is represented at the top with a thick horizontal line. Black portions of the line
represents sequence known from the original clone 3. Hatched portions represent the
missing portion of clone 3 isolated in the RACE procedure. The location of Ncol, Xhol
and EcoRl restriction sites are labeled. Expected product sizes for each restriction are
illustrated with thin lines and arrows. Below, the actual results of the restriction analyses.
(@FJX174 DNA ladder, “+’= PCR product using the 879PCR primer on clone 3 plasmid,
‘+’=the original 3 RACE product, *=empty lane, the 829 bp RACE product was restricted
with 1=Ncol, 2=Xhol and 3=EcoRlI.
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colonies were picked and grown separately overnight in LB (100 pg/ml ampiéillin).

Roughly 10 ug of plasmid DNA for each colony was isolated from 1.5 ml of overnight LB
culture. To obtain sufficient DNA for multiple sequence reactions, a larger prep of colon3;
5 was completed and yielded 178 ug of recombinant plasmid DNA (OD,y,5,= 1.86). This

recombinant plasmid was labeled pGEM31.

Complete cDNA Sequence for Clone 3

Determination of cDNA sequence of this newly cloned fragment Wés done using
Sequenase v2.0. Approximately 388 bp of sequence on the 5’ end of this fragment
overlaps known seqﬁence from the original clone 3. The two sequences in the region of
this oveﬂap are idenﬁcal and conﬁrrﬁ the identity of the pGEM31 insert as that representing
the 3' end of the original clone 3 (Fiéure 9). The sequence from this insert, in combination
with that already known for the original clone 3, provides a cDNA sequence representative
of a complete ORF. The complete clone 3 sequence is reported in Figure 10. This cDNA
is 1220 bp and includes sequence representing the initiating Met and signal peptide through
the 3' non-translated region, polyadenylation consensus sequence and the 20 residue polyA
tail (Figure 10). The ORF is 972 bp in length and codes for 324 amino acids including the

signal peptide.




3152
i 3153 " Jsall
B |PGEMS/T7-37- 11111ss/ssl1s/1/TT7, SP6/pGEM5
Neoll SP6
3132

Figure 9. The combination of sequence known from the original 879 bp clone 3 (A) with
the complete 3’ end, pGEM31 (B) provide a complete cDNA sequence representative of a
full-length ORF for a lectin from grasshopper. Sequencing primers and location with
respect to the cDNA insert representing the 3' end of clone 3 are shown. The black portion
of the pGEM 31 insert represents the 388 bp (491-879) of sequence that overlaps with that
known for the original clone 3. The cross-hatched portion of the insert is new sequence
data representing the previously missing 3’ end of clone 3.



GGGAGAGCAC
GCGGCGCTGG
GCCACCACAG
CCAAAAAGCT
TACCGCATAA
CAAGAGACAA
CATCGGAATC
CCATGGAATC
NcoI
AGCTGAACGA
ACCCTCCTAT
GAGGCAGCCA
CCCTGCTGCG

TGACTTCGTT

AATAACGACG

GGCTGCAGCT
TGGCAGCGAC
GGACTCGACG
CAAGTGCCGG
TGATGACATG
CCACGCCTAC
ACAGATCATG
CTAATGAACC
CTGGCATTGQ
GTGTGGCTGA
GGGTGTGCCG
ACTCCTCGAG
XhoI

ACCGAAACAG

TCGATGGGAA

GCTGCGAAGT GGAGCTGCCC
<-- 3132

AGGACGCAAC

CAGAAGACAT

AGTACTAGTC

Figure 10. Nucleotide sequence for the complete 1220 bp clone 3. The location of 3 152,
3153 and 3132 sequencing primers are underlined. The clone 3-s
used in the 3° RACE procedure is also underlined.
sites used to verify the clone 3 authenticity of the original RACE product are underlined as

AACTGCGAAT
TGTATAATTT

GACCATATGG
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CGCGCCAGGA GGAGGAGTTG ATAAGCAGGA TGCAGCTGGT GACGGTGTGC
(21)
GTTCTGCAGC TGCCAGGTGC

AGTACCCTGC ACCCTGGCCG CCGTGGACCT
ACGGCCGTGC ACTGCTCAGG GGAACAGAGT GGGAACAAAA CGATTTCTTG
ACATTCCACG TGACTACCAC TACGTGCCAG GCTACGCCCT CGTCAAGCTG
GGAGGAAGCC AAAAAGGCCT GCGAAGCCGA GGGAGCAAAA TTAGCAGTCC
GATGGCCTGA AGCAGATCTT CAAGTTAGGG TTTGGGATGT ACTGGGCCAA

879PCR --—>
AGAGCGAGGG AATATTCAGC GGAGTGGATG GTCATCCAGT GTCGITCCTG

CAACAACGCC GGAGGCAACG AGAACTGTGT TAACGTCAAC GACAAAGGAC
GGGAATACAG CGCCATTCTT CTGCGAGCGC CGGCCCTCEG TGGGCATACC
AGGACGCGAG CCGCTTCTAC AAGGTGCACG CCGAGAAGCA CGTGTACGCG

3152 -->
ATCCGAGAAC GCGACGCTCG CTGTGCCCGA CACCTGGGAC CGTGTCGAGA

CCGAAAGAAG AGTTCTACCT GACAGGATTC ACAGATGAGG CTGTGGAAGE

GAAGACACCT AAAAGGCATG GAATTCCAGG TGTGGAGCCC TGGTGAGCCA
EcoRT
GCCCGAGAAT TGCCTAGCCT TTTCGGGCCG TGGCTACTAC GGCGACAGGA

TTCATCTCCG AGATAGCGCC CTGACGTGEC GCTCTCGEGA CACAATTCTG
3153 --> *
GGAAACGACG TACGCGGAGA GCATGGACTG GTGCGAAGCC GAGTGACATT

ATATGTGAAT AAATATTCGT TAGCAACCCC TAAAAAAAAA AAAAAAAAAA

GAGAGCTCCC

70
140
210
280
350
420
490
560
630
700
770
840
910
980
1050

1120

1190

1220

pecific primer (879PCR)
The Ncol, Xhol and EcoRI restriction

well as the start codon (ATG), stop codon (TGA), consensus polyadenylation signal
(AATAAA) and polyA tail. The complete ORF is 972 bp and codes for a polypeptide of
324 amino acids.
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cDNA Sequence for Clone 4

Partial sequence from the original clone 4 cDNA was first used in combination with
partial sequence from clone 3 to form a hybrid cDNA suggestive of a full-length ORF for a
lectin from grasshopper (Figure 3 p 16; Rognlie, 1991). This partial sequence was
homologous with that of clone 3 in the region of overlap and included 3’ sequence coding
for a stop codon and polyA tail. Sequence analysis of the entire clone 4 cDNA determined -
the insert to be 1079 bp in length. This cDNA contained a single ORF encoding a stop
codon and polyA tail at the 3’ end. The 5’ end was lacked sequence coding for several N-
terminal residues, the signal peptide and initiating Met. Alignnient of this partial clone 4
sequence with the complete clone 3 sequence suggested that at least 69 bp were missing
from the 5’ end c;f this sequence. It became evident later that the tﬁncated versions of both

clone 3 and clone 4 were the result of unintended cleavage at the internal EcoRI sites during

library construction.

Search for the 5° end of Clone 4
Seventeen positive plaques were originally identified using the **P-labeled 300 bp

cDNA as discussed previously (Rognlie, 1991). Three were subcloned and sequenced
(clones 2, 3 & 4) and 12 of the remaining plaques were determined to contain clone 3-
specific inserts (Figure 6 p 40). Two plaques that did not amplify with the clone 3-specific
primer, 57c and 13, were;’ screened using PCR and a clone 4-specific primer to amplify an
insert that would contain the > 69 bp of sequence representing the 5’ end of clone 4. The |
size of an insert containing this sequence would be > 300 bp, based on.sequénce alignment
-with clone 3. Figure 11 illustrates the PCR products obtained for clones 57c, 13 and 43a.
Plaque 43a was from a library of cDNA fragments known to be < 600 bp (Hapner,

unpublished). These products are = 300 bp and not of sufficient length to contain the
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additional sequence representing the missing 5' end of clone 4. It was concluded the
complete 5’ end of clone 4 is not accessible in the current cDNA library using this method.
The alternative 5° RACE strategy was employed to selectively isolate and clone this

sequence from polyA+mRNA. This work is discussed below.

Figure 11. Screening clones 43, 7c and 13 using PCR with the clone 4-specific primer
1150PROB. <= <j)xI74/Hae 111 DNA ladder. = negative control using 1150PROB
with a clone 3-specific template and serves to illustrate the gene-selectivity of the primer
1150PROB. *“+” = positive control using 1150PROB with a clone 4-specific template.
The « 300 bp product in this positive control illustrates the expected size ORF a clone 4-
specific PCR product without the 5’ end. Plaques 43a, 57c and 13 are positive clones
isolated using the original 300 bp cDNA probe. The similar sized PCR products indicate
that clones 43, 7c and 13 do not contain sequence representing the missing 5’ end of the
original 1079 bp clone 4.

Rapid Amplification of cDNA Ends: 5’ RACE
MRNA Isolation. mRNA was isolated using Tri-Reagent™. Roughly 350 pg of
total RNA and 12 pg of polyA+mRNA were obtained from 100 mg of fat body tissue

(ODBYX= 1.6). One (1) pg of polyA+mRNA was used for first strand cDNA synthesis.
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Anchor Ligation and PCR Using a Gene-Specific Primer. Following synthesis of
the second-strand cDNA, the double-stranded DNA was blunt-ended using T4 DNA

polymerase and purified with Prep-a-gene™. Double-stranded anchor sequences were
ligated to each end of the cDNA and an aliquot of the completed reaction diluted 1:25 in
water. Two (2) pl of this solution was used with a clone 4-specific ‘primer ‘4036’ to PCR
amplify a clone 4 product containing the complete 5° sequence. The size of this RACE
product is = 1100 bp. This product is pictured in Lanes 1 and 2 of Figure 12. The 1100
bp product is sufficiently long to contain the complete 5’ sequence for the original clone 4.
The ‘4036’ primer anneals at nucleotide 78 of the original clone 4 cDNA thus the 1100 bp
fragment would represent 78 bp of the original clone 4 sequence and = 1022 bp of new 5’
sequence including that encoding the N-terminal amino acids, the signal peptide and
initiating Met. Restriction analysis of this fragment to verify its clone 4-authenticity before
cloning and sequence analysis was not possible. Only 78 bp of the fragment represent |
known sequence. This limits the region of known sequence in which to find a clone 4-
specific restriction enzyme. Further, the fragment cleaved would not substantially change
the size of the product thus making it difficult to determine if restriction took place.
Therefore, this fragment was cloned directly into pPGEM-T plésmid vector for subsequent
sequence analysis.

Ligation into pGEM-T and Transformation of Competent Cells. The = 1100 bp 5’
RACE product was isolated from the agarose gel and ligated directly into a pGEM-T
plasmid vector. Following transformation of competent cells (fM 109) and overnight
growth, 2 white colonies and 76 blue colonies were observed. Transformation efficiency
was 2.3 x 10* colonies/ug DNA. Each white colony was selected, grown overnight in LB
and a mini-prep completed on 3 ml of each culture. This resulted in =~ 30 pg of

recombinant plasmid for each colony. This plasmid was labeled pPGEM41.




Figure 12. 5° RACE product obtained using 4036 and AP primers with ds-strand cDNA
made directly from fat body mRNA. = <j)xI74/Hae 11l DNA ladder. = negative
control with 4036 and AP primers, but no DNA template. = negative control with 4036
and AP primers using clone 3 plasmid DNA template. “+” = positive control using 4036
and xr with clone 4 plasmid DNA template. Lanes | and 2 are 5’ RACE products. These
products appear ~ 1100 bp in size, large enough to contain the complete 5’ end of the
original clone 4 sequence.

Complete Clone 4 cDNA Sequence

Sequence analysis of the pPGEM41 insert was completed using Sequenase v2.0.
Seventy-eight (78) bp of sequence at the 5’ end of the original clone 4 overlaps with new
sequence in pGEMA41. Overlapping sequences are identical and confirms the clone 4
authenticity of the pPGEM41 insert. The combination of sequence from the original 1079 bp
clone 4 with that from pGEM41 provides a complete clone 4-specific cDNA representing a

full-length ORE for a second lectin from this grasshopper (Figure 13). The complete
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SB
XR

PGEM-T-T7 ~HIINIX SPS-pGEM-T B
SP6

Figure 13. The combination of sequence known from the original 1079 bp clone 4 (A)
with the complete 5° end in pPGEMA41 (B) provide a complete cDNA sequence for a full-
length ORF representative of a second lectin from this grasshopper. cDNA sequences are
represented by horizontal bars. Primers 5B, by, 58, 3p, 3y and 38 were used to sequence
the original 1079 bp clone 4 cDNA. SP6 and T7 primers were used to sequence the two
end regions. Primers are indicated with arrows. The black portion of the pGEM41 insert
represents the 78 bp of sequence that overlaps with that known for the original clone 4.
The cross-hatched portion of the insert is new sequence data representing the previously

missing 5° end of clone 4. Vertical bars represent the unsequenced portion of the pGEM41
insert.



GCCACAGCG

GCcTGaeeecee

GCTCAGCAGA

GTGGTTCCGG

TTATTATTAT

ATTCCGGCGG

EcoRI

CACTGCTCAA

CCACGTGGCT

ACATGGGAGG

GACAGCCACG

GGGATCAGAG

ACCACTACGT

AAGCCAGGAA

CCTATGATGG

CAGTACAAGG
TTTTGAGACC
CTGCAAGCTG
TGGGAACAAA
GCCAGGCTAC
GGCCTGCGAA

ACTGAAGCAG
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ATTTCCTTAC GCGAAATACG GGCAGACATG

*

AGACCAACTG TGTTAATGGT AGGGACCGGG
CGCCACCACA AGGAATCGAC GATGGCCCTG

ACGTGTCAAA AAGCCCAAGT GCCGGACATT
<-- 4036
GCTCTCGTCA AGATGTACCG CATAATGATG
5B -->
GCCGAGGGAG CCATACTGGC ACTCCCAAAG

GTCATCATAG CAGAGCATAA AGAGGAACGGG

GTTTATTGGG CCAACATCGG AATCACAGAT CAGTACAGCG AGGGAATATT CGTGGGAGTG
<-- 38
GATGGTCTTC CAGTGTCGTA CCTGCCATGG AGACCTAATG AGCCCAACAA CTTCGGAGGC

ARCGAGAACT GTGTTTACGT CGACGACAAA GGACAGCTGA ACGACTGGGGE GTGCGCGAAT

5y -—>
GCAGAGCCAT TCTTCTGCGA GCGCCGGCTC TCGGTGGGCA TACCACCCTC CTATGTGTGG

CTGAAGGACG
GCCAGGGTGT
GAGGCCCTGC
GAGGCTGCGG
CAAGTGTGGA
GGCTTTGGGG
TGCGAGATAG
ATGGAAACGA
GTTGTATAAT

AACGGAATCC

CGAGCCGCTT CTACAAGGTG CACGCCGAGA AGCACGTGCA CGCGGAGGCA

GCCGATCCGA
TGCGACTCCT
AAGGTGACT&
AACCTGGTGA
GCAAAGGCTA

CGCCCIGACC

*

CGTACTCGGA AAGTATGGAC TGTTGCGAGG CAGAGTTACG

TGATATGCGA_ATAAATATTC GTTAGTAACC TAAAAAAAAA

GCGGAATTCC

GAACGCGACG
CGAGCCGAAA
CGTTGCCGAA

GCCAAATAAC

<-- 3Y
CTCGCTGTGC CCGACACCTG GGACCGTGTC

GAAGAGTTCT ACCTGACAGG ATTCACAGAT
586 —-->
ACAGGAAGAC ACCTAAGAGA CATGGAATTC

EcoRI

AACTTTCTTG GGAAGCCCGA GAACTGCTTA

<-- 3f

CTACGACGAC

TGGCGCTCTC

AAGAGCTGCG ATTTGGAGCT GCCCTTCATC

GTGACACGTC TGAGGACGCA ACAACTGCGA
TTCAGAAGAC

AAAAAAAAAA

59

119

179

239

299

359

419

479

539

599

659

719

779

839

899

959

1019

1079

1139

1199

1213

Figure 14. Nucleotide sequence for the complete 1213 bp cDNA of clone 4. 5B, 5y, 58,
38, 3yand 35 sequencing primers are underlined. EcoRI sites at #128 and #894, a start
codon (ATG) at nucleotide #57, a stop codon (TGA) at nucleotide #1035 and the

polyadenylation consensus sequence (AATAAA) and polyA tail are underlined. The

complete 975 bp ORF encodes a polypeptide of 326 amino acid residues.
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sequence is 1213 bp long and includes sequence encoding a start codon, signal peptide and
stop codon through the polyA tail. This complete clone 4 sequence is reported in Figure

14. The ORF is 975 bp in length and codes of a 326 amino acid polypeptide.

Comparison of cDNA Sequences for Clones 3 and 4

The complete cDNA sequences for clone 3 and clone 4 show 81% i'dentity
including the 3’ and 5’ non translated region (Figure 15). Identity within the ORFs is
89%. These sequences represent distinctly different, but homologous genes. Both clone 3
and clone 4 are complete as defined by sequence representing an initiating Met, signal
peptide, stop codon and polyA tail. In the Figure 15 alignment, £he location of the start
codons for clones 3 and 4 differ by one codon. This difference can be attributed to the
gaps inserted in each sequence to optimize maximum identity in the alignment. Sequences
encoding the signal peptide in each clone differ by 3 nucleotides making the signal in clone
3 one amino acid residue shorter (20) when compared to that of clone 4 (21). Stop codons
in each of clones 3 and 4 are idenﬁpal to one another and their alignment also evident in
Figure 15. The size of the ORF for clone 3 is 972 bp, three nucleotides shorter than the
975 bp ORF reported for cione 4. The sequences are very similar at the 3’ ends including
the = 200 bp of non-translated sequence following the stop codon, but distiﬁctly different
in the 5’ non-translated region. The major differences are at the 5° end where clone 3 has a
6 nucleotide insert at position #203, and clone 4 has a 9 nucleotide insert at position #397.
The net difference between the two sequences is one amino acid in the mature protein.
Each of these regions is underlined in Figure 15. These differences provided the basis for‘
the design of gene-specific primers used in the 3’ and 5° RACE strategies. The clone 3-
specific primer (879PCR) was used to amplify and clone the compiete 3’ end of clone 3

and was designed around the 9 nucleotide gap at position #394.
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Figure 15. (previous page) Alignment of the cDNA sequences for clones 3 and 4. These
sequences are 81% identical when including the 3’ and 5’ non-translated regions, and 89%
identical within sequence defining the ORFs. Two regions of significant difference occur
at nucleotide position #203 in clone 3 and #397 in clone 4 where 6 and 9 nucleotide
insertions are present. These sequence differences are underlined. Each was the basis for
the design of gene-specific primers used in the 3’ and 5° RACE procedures. EcoRI sites at
#127 and #893 in clone 4 and #881 in clone 3 are underlined as well as start codons
(ATG), stop codons (TGA) and the polyadenylation signal sequences in each clone.
Sequences were aligned using GenePro™. Identities are represented by vertical bars, non-
identities by asterisks. :

The clone 4-specific primer (4036) used to amplify and clone the complete 5’ end of clone
4 and was based on the.6 nucleotide insertion at position #203. No other regions between
the two'sequences are sufficiently different to allow for the design of primers that would
effectively distinguish clone 3 from clone 4 sequence. Clone 4 has an EcoRI site at

position #126 that is not present in the clone 3 sequence.

Amino Acid Sequence for Clone 3

The deduced amino acid sequence for clone 3 is 324 residues including a 20 residue
signal peptide. This sequence is shown in Figure 16. The initiating Me;t and 20 residue
signal peptide is underlined in this sequence. The N-terminal Alanine residue was
established by Edman sequence from a grasshopper lectin isolated in this laboratory. The
calculated weight of the mature 304 residue protein is 34056 Da. This value is in
agreement with published data for a grasshopper lectin (Stebbins, 1985) and further is
consistent with the mass of determined via Matrix Assisted Laser Desorption
Ionization/Time of Flight (MALDI/TOF) mass spectrometry (Wi ehzlick, 1996). Two
potential N-glycosylation sites (ﬁXT, S or C) are present at amino acid positions #29 and
#207. Cys residues at positions #71, #143, #157 and #165 are conserved within this
protein family and are typicalufor C-type lectin CRDs. The motif defined by these residues
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is repeated.at positions #203, #278, #292 and #300 such that the single polypeptide
contains two separate C-type CRDs. This duplication of CRDs is novel among invertebrate

C-type lectins.

Amino Acid Sequence for Clone 4

The deduced amino acid sequence for clone 4 is 326 residues including a 21 residue
signal peptide. The complete sequence is shown in Figure 17. The initiating Met and 21
residue signal peptide is underlined, and as discussed for the clone 3 sequence, the N-
terminal Alanine established by N-terminal Edman sequence data from a lectin protein
isolated in this laboratory. The calculated molecular weight of the mature 305 residue
protein is 34401 Da. This weight is also consistent with that observed via SDS PAGE
(Stebbins, 1985) and MALDI/TOF mass spectrometry (Wenzlick, 1996) for a previously
isolated grasshoppér lectin. Two potential N-glycosylation sites are also present in this
sequence at positions #29 (NKT) and #208 (NAT). The presence of conserved Cys
residues at positions #69, #144, #158 and #166 define the type C-type lectin motif for
members of this protein family. This motif is repeated at positions #204, #279, #293 and
#301 are typical for other lectins with C-type carbohydrate recognition domains
(Drickamer, 1994) and suggests this protein sequence also represents an authentic C-type

lectin. As discussed above, the duplication of CRDs is novel among invertebrate lectins.

Comparison of Amino Acid Sequence for Clones 3 and 4

Alignment of the deduced amino acid sequences for clones 3 and 4 is shown in
Figure 18. These sequences are 80% identical and 85% homologous when conservative

substitutions are considered. The clone 4 amino acid sequence is 326 amino acids, one
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G GGA GAG CAC GGC TGC AGC TCG CGC CAG GAG GAG GAG TTG ATA AGC AGG ATG CAG 55

CTG GTG ACG GTG TGC GCG GCG CTG GTG GCA GCG ACA GTA CCC TGC ACC CTG GCC GccC 112

L \% T \Y C A A L \Y A A T \Y P C T L A & |
GTGGAC CTGTTC TGCAGC TGCCAG GTGCGC CAC CAC AGG GAC TCG ACG ACG GCC GTG 169

\ d | F C S C Q \ R H H R D S T T A \ 20
CAC TGC tca ggg gaa cag agt ggglaaclaaa acg ATT tct tgc caa aaa gct caa Gtg 226
H C S G E Q S G [n__ | K T | S C Q K A Q \% 39
CCG GAC ATT CCA CGT GAC TAC CAC TAC GTG CCA GGC TAC GCC CTC GTC AAG CTG TAC 283
P D L P R D Y H Y \ P G Y A L \% K L Y 58
CGC ATA ATG ATG ACA TGG GAG GAA GCC AAA AAG GCC TGC GAA GCC GAG GGA GCA AAA 340
R 1 M M T w E E A K K A Cc E A E G A K 77
TTA GCA GTC CCA AGA GAC AAC CAC GCC TAC GAT GGC CTG AAG CAG ATC TTC AAG TTA 397
L A \% P R D N H A Y D G L K Q 1 F K L 96
GGG TTT GGG GTG TAC TGG GCC AAC ATC GGA ATC ACA GAT CAT GAG AGC GAG GGA ATA 454
G F G \% Y w A N 1 G 1 T D H E S E G | 115
TTC AGC GGA GTG GAT GGT CAT CCA GTG TCG TTC CTG CCA TGG AAT CCT AAT GAA CCC 511
F S G \% D G H P \ S F L P w N P N E P 134
AAC AAC GCC GGA GGC AAC GAG AAC TGT GTT AAC GTC AAC GAC AAA GGA CAG CTG AAC 568
N N N G G N E N C \% N \% N D K G Q L N 153
GAC TGG CAT TGC GGG AAT ACA GCG CCA TTC TTC TGC GAG CGC CGG CCC TCG GTG GGC 625
D W H C G N T A P F F C E R R P S \% G 172
ATA CCA CCC TCC TAT GTG TGG CTG AAG GAC GCG AGC CGC TTC TAC AAG GTG CAC GcCC 682
p p p S Y \% w L K D A S R F Y K__V H A 191
GAG AAG CAC GTG TAC GCG GAG GCA GCC AGG GTG TGC CGA TCC GAg laACIgCG ACG CTC 739
E K H \% Y A E A A R \ C R S E [n_J A T L 210
GCT GTG CCC GAC ACC TGG GAC CGT GTC GAG ACC CTG CTG CGA CTC CTC GAG CCG AAA 796
A \% P D T w D R \Y% E T L L R L L E P K 229
GAA GAG TTC TAC CTG ACA GGA TTC ACA GAT GAG GCT GTG GAA GGT GAC TTC GTT ACC 853
F E F Y L T G F T D E A \% E G D F \% T 248
GAA ACA GGA AGA CAC CTA AAA GGC ATG GAA TTC CAG GTG TGG AGC CCT GGT GAG CCA 910
E T G R H L K G M E F Q \% w S P G E P 267
AAT AAC GAC GTC GAT GGG AAG CCC GAG AAT TGC CTA GCC TTT TCG GGC CGT GGC TAC 967
N N D \% D G K P E N C L A F S G R G Y 286
TAC GGC GAC AGG AGC TGC GAA GTG GAG CTG CCC TTC ATC TGC GAG ATA GCG CCC TQh 1024
Y G D R S C E \ E L P F 1 C E | A P * 304

CGT GGC GCT CTC GGG ACA CAA TTC TGA GGA CGC AAC AAC TGC GAA TGG AAA CGA CGT 1081
ACG CGG AGA GCA TGG ACT GGT GCG AAG CCG AGT GAC ATT CAG AAG ACA TTG TAT AAT 1138
TTA TAT GTG AAT AAA TAT TCG TTA GCA ACC CCT AAA AAA AAA AAA AAA AAA AAG TAC 1195

TAG TCG ACC ATA TGG GAG AGC TCC C 1220

Figure 16. cDNA and coded amino acid sequence for the 1220 bp clone 3. The 972 bp
ORF encodes a 324 residue polypeptide including the signal sequence. The 304 amino acid
protein has a calculated molecular weight of 34056 Da. Potential N-glycosylation sites at
residues #29 and #207 are boxed. The start codon (ATG), initiating Met and N-terminal
Ala are underlined. The stop codon at nucleotide 1022 is marked with an asterisk (*). 5’
and 3’ nontranslated sequences are indicated with an upstream of the initiating Met and
downstream of the stop codon. The signal peptide is underlined.
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GCC ACA GCG GTG GTT CCG GCA 21
GTA CAA GGA TTT CCT TAA CGC GAA ATA CGG GCA GAC ATG GCC TCC CCC CTT ATT 75
................................................................................ M A C P L
ATT ATT TTT GAG ACC AGA CCA ACT GTG TTA ATG GTA GGG Acc GGG GCT CAG CAG 129
| | F E T R P T \% L M \% G T G A Q Q 3
AAT TCC GGC GGC TGC AAG CTG CGC CAC CAC AAG GAA TCG ACG ATG GCC CTG CAC 183
N S G G C K L R__H H K E S T M A L H 21
TGC TCA AGG GAT CAG AGT GGG IAACIAAA ACG TGT CAA AAA GCC CAA GTG CCG GAC 237
Cc s R D Q s G [INJK T C Q K A Q V P D 39
ATT CCA CGT GGC TAC CAC TAC GTG CCA GGC TAC GCT CTC GTC AAG ATG TAC CGC 291
| p r g y h y v p g y a 1 v K m y r 57
ATA ATG ATG ACA TGG GAG GAA GCC AGG AAG GCC TGC GAA GCC GAG GGA GCC ATA 345
| M M T M E E A R K A C E A E G A | 75
CTG GCA CTC CCA AAG GAC AGC CAC GCC TAT GAT GGA CTG AAG CAG GTC ATC ATA 399
L A L P K D S H A Y D G L K Q Vv | | 93
GCA GAG CAT AAA GAG GAA GGG GTT TAT TGG GCC AAC ATC GGA ATC ACA GAT CAG 453
A E H K E E G Vv Y M A N | G | T D Q 111
TAC AGC GAG GGA ATA TTC GTG GGA GTG GAT GGT CTT CCA GTG TCG TAC CTG CCA 507
Y S E G | F \Y G \Y) D G L P Vv S Y L P 129
TGG AGA CCT AAT GAG CCC AAC AAC TTC GGA GGC AAC GAG AAC TGT GTT TAC GTC 561
M R P N E P N N F G G N E N C Vv Y \Y 147
GAC GAC AAA GGA CAG CTG AAC GAC TGG GGG TGC GCG AAT GCA GAG CCA TTC TTC 615
D D K G Q L N D M G C A N A E P F F 165
TGC GAG CGC CGG CTC TCG GTG GGC ATA CCA CCC TCC TAT GTG TGG CTG AAG GAC 669
C E R R L S Vv G | P P S Y \Y M L K D 183
GCG AGC CGC TTC TAC AAG GTG CAC GCC GAG AAG CAC GTG CAC GCG GAG GCA ccc 723
A S R F Y K V__H A E K H \Y H A E A A 201
AGG GTG TGC CGA TCC GAg laaclgCG ACG CTC GCT GTG CCC GAC ACC TGG GAC CGT 777
R \% C R S E IN__IA T L A \Y P D T M D R 219
GTC GAG GCC CTG CTG CGA CTC CTC GAG CCG AAA GAA GAG TTC TAC CTC ACA GGA 831
Vv E A L L R L L E P K E E F Y L T G 237
TTC ACA GAT GAG GCT GCG GAA GGT GAC TTC GTT GCC GAA ACA GGA AGA CAC CTA 885
F T D E A A E G D F \Y A E T G R H L 255
AGA GAC ATC GAA TTC CAA GTC TGG AAA CCT GGT GAG CCA AAT AAC AAC TTT CTT 939
R D M E F Q Vv M K P G E P N N N F L 273
GGG AAG CCC GAG AAC TGC TTA GGC TTT GGG GGC AAA GGC TAC TAC GAC GAC AAG 993
G K P E N C L G F G G K G Y Y D D K 291
AGC TGC GAT TTG GAG CTC CCC TTC ATC TGC GAG ATA GCG CCC TQA CCT GGC GCT 1047
S C D L E L P F | C E | A P * . . . 305
CTC GTG ACA CGT CTC AGG ACG CAA CAA CTC CGA ATC GAA ACG ACG TAC TCG GAA 1101
* * * * * * * * * * * * * * * * * * *
AGT ATC GAC TCT TGC GAG GCA GAG TTA CGT TCA GAA GAC GTT GTA TAA TTC ATA 1155
TGC GAA TAA ATA TTC GTT AGT AAC CTA AAA AAA AAA AAA AAA AAA AAC GGA ATC 1209
1213

CGC GGA ATT CCG

Figure 17. cDNA and coded amino acid sequence for the 1213 bp clone 4. The 978 bp
ORF encodes a 326 residue polypeptide including the signal sequence. The 305 amino acid
protein has a calculated molecular weight of 34401 Da. Potential N-glycosylation sites at
residues #29 and #208 are boxed. The start codon (ATG), initiating Met and N-terminal
Ala are underlined. The stop codon at nucleotide 1022 is marked with an asterisk (*). 5’
and 3’ nontranslated sequences are indicated as in Figure 16. The signal peptide is
underlined.
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residue longer than that of clone 3. The 21 residue signal peptide for the clone 4 sequence
is also one residue longer than the 20 residue signal for clone 3. Each sequence has two
CRDs as defined by the four conserved Cys residues. Within each CRD, the 16 invariant
residues which help define these proteins as authentic C-type lectins are present. These
residues are later discussed in detail. The N-terminal CRD in each sequence is 95 residues
in length. Sequences from clones 3 and 4 in the region of this CRD are 78% homologous
when considering conservative substitutions. The C-terminal CRDs in each sequence are

98 residues in length and 90% homologous.

Clone 3 I\/IQLVTVCAALVAAWPCTLAAVDLFCSmVRHHRR TTa”mrvcir:
R R T
R

Clone 4 MACPLII IFETRPTVLMVGTGAOQNSGGCKT.RHHKRqIPMAT.HP.gR

I% SGNKTISCQKAQVPDIPRDYHYVPGYALVKLYRIMMTWEEAKKACEAEGAKLAVPRDN

PSP T IJ*LI]_’I_’I_'I_'L’I_’I_’L*]_’LIIIII M |*

DQSGNKT --CQKAQVPDIPRGYHYVPGYALV RIMMTWEEARKACEAEGAILALPKDS

VTN s MV LT TR e R L R L

HAYDGLKQVIIAEHKEEGVYWANIGITDQYSEGIFVGVDGLPVSYLPWRPNEPNNFGGNE

NCVNVNDKI\/ﬁLNDWHCGNTAPFFCE RRPSV GI KDASREYKVHAEKHVYAEA

DR N e it

NCVYVDDKGQLNDWGCANAEPFFCERRLSVGIP P SYVWLKDASRFYKVHAEKHVHAEAAR

vcrsenatlavEdtwdrveS(I-Ihlillie 1k'ﬁ?|fi/| Eﬁ%%%\iﬁdetEtirhlkgmeﬂl

VCRSENATLAVPDTWDRVEALLRLLEPKEEFYLTGFTDEAAEGDFVAETGRHLRDMEFQV

WSPGEPNNDVDGKPENCLAFSGRGYYGDRSCEVELPFICEIAP- COOH-CLONE 3

oo T111INVET *11 e Ll T T 1]

WKPGEPNNNFLGKPENCLGFGGKGYYDDKSCDLELPFICEIAP-COOH-CLONE 4

Figure 18. Alignment of the deduced amino acid sequences for clones 3 and 4. The com-
plete sequences are 80% identical and 85% homologous when considering conservative

substitutions. N-terminal CRDs are 78% homologous when comparing clones 3 and 4, C-
terminal CRDs are 90% homologous. The signal peptide for each is underlined as well as
conserved N-glycosylation sites. T=match, ‘“*’=mismatch, “~conservative substitution.
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3D Model Carbohydrate Recognition Domain

Conserved Regions Within Reference Proteins

The sequence defining the C-terminal CRD from clone 3 was modeled. Relative to
the four known CRDs from the clone 3 and clone 4 prqteins, this sequence has the higheét
; homology to MBP and ESEL (31%). To define conserved regions in both MBP and |
ESEL, the two sequences were first aligned. This alignment is shown in Figure 19. The
alignment meets two criteria: 1) conserved residues or residues with similarly defined
functions (e. g. Ca’™" ligands) occupy identical positions, and 2) insertions or deletions as a
result of sequence differences or manual manipulation do not occur in regions of knovn;n
secondary structure. Using this approach, eight (8) structurally conserved regions were
defined by superimposing the two reference structures over specified regions of the

sequence (Table 2). Known secondary structures were used as a starting point. Regions

Table 2. Structurally conserved regions in rat MBP and human E-selectin used to construct
the 3D model of the C-terminal CRD from clone 3. RMSD refers to the root-
mean-square distances between analogous backbone atoms in the respective
reference structures.

SCR MBP aa# ESEL aa#  Length* RMSD (A)
1-al 116-132 7-23 17 0.42
2-02 139-151 30-42 13 . 0.58
3-82 154-161 48-55 8 0.64
4-83 167-171 . 59-63 5 0.37
5-1LP 174-177 67-70 4 0.37
6-LP 179-188 74-83 10 0.68
7-83 193-199 8894 7 0.82
8-p4/5 202-217 102-117 16 0.50

*73% of the 3D structure for the grasshopper CRD is defined by structurally conserved
regions within the reference proteins.
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SCRhRMSD =0.42 A
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SCR3: RMSD =0.64 A

GHA FYL TFglF TID
MBP T D
ESEL
SCR4: 0.37 A SCR5: 0.37A SCR6: RMSD = 0.6BA
GHA E G DLTTE RHLK MVF o vwNPNEPNNDVD G
MBP E G GRLT Y S NWKKDEPNUDHGS G
ESEL N GTQ KPLT EEA Kk NWAPGEPNNGR RQKD
. DLp4 SLp2  DLpS o * DLp6
276 277 278
193 194 196
GHA R sFeEle v E L RF
MBP SCQA S
ESEL HRLS K K K LA

Figure 19. Alignment of sequences representing CRDs for GHA, MBP and ESEL. This
format optimizes the alignment of structurally conserved regions between MBP and ESEL
as well as conserved residues in MBP, ESEL and GHA. Secondary structure elements in
MBP and ESEL are boxed gray. SCRs defined using the reference structures are outlined
with a large box and labeled SCRs 1-8. The RMSD values for each SCR are included in
the label e.g. SCRI: 0.42 A. Consensus residues important for the C-type fold or known
Caz+ligands are boxed and the amino acid position in the sequence is provided immediately
above. The Ca2tligands involved in mannose binding in MBP are marked with two
asterisks. Single asterisks indicate ligands which ligate a second Ca2+.
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Figure 20. Structurally conserved regions 1,2, 3, 4 and 5 between MBP (purple) and
ESEL (green). The complete structures were first superimposed using the four conserved
Cys residues defining the C-type architecture. Portions of the ribbons were removed to
selectively illustrate each SCR. SCRs | and 2 are pictured throughout to help orient the

viewer.
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Figure 21. Structurally conserved regions 1,2, 6, 7 and 8 between rat MBP (purple) and
human ESEL (green). The two ribbon structures were superimposed using the four
conserved Cys residues defining the C-type CRD.
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of sequence between MBP and ESEL with RMSD values of <.82 A were defined as
structurally conserved. These SCRs are listed in Table 2 and illustrated in Figure 19.
RMSD values range from 0.37 A for SCR4 & 5 to 0.82 A for SCR7. Figures 20 and 21
illustrate the 3D similarities when comparing the references proteins within SCRs 1-8.
Between regions defined as structurally conserved, there are seven “loops” (LP). Loops
arise in regions where the reference proteins are significantly different. Analogous

structural regions in MBP and ESEL with RMSD values > .82 A were defined as loops.

GHA CRD Seguence/Reference Alignment

The second stage of model construction requires alignment of the GHA sequence
with SCRs of the reference proteins. Optimal alignment requires insertion of a one (1)
residue gap between Glu59 and Thr60, and a five (5) residue gap between Ser92 and Gly
93. These géps are illustrated in the Figure 19 alignment. All gaps are in regions that do
not disrupt the 'C-type fold' by limiting changes to loop regions Between SCRs and/or
known 2° structures. The locations of gaps in this alignment are similar to those defined by
Graves (1994) when comparing ESEL and MBP crystal structures.

Based on sequence homology, coordinates were assigned to the GHA model from
either MBP or ESEL. For each SCR, a score for the homology between each reference
sequence and GHA is computed. The coordinates from the reference sequence with the
higher homology to GHA were used to construct that region of the model. The homology
scores from each SCR and the source of coordinates used to build the model are listed in
Ta‘ble 3. Coordinates for loop regions were obtained using two different strategies; 1) if
the size of the loop in MBP or ESEL was equal to that of GHA, the corresponding
coordinates were used to construct the model loop, otherwise 2) the coordinates were
found searching a structurally non-redundant database (loop search), as discussed in

Methods (p 34). Loops 1-4, 6, 7 & 9 were constructed using coordinates from MBP or
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ESEL. Assignment of coordinates from either MBP or ESEL in loops 1 and 6 was based
on sequence homology as discussed for SCRs. For loops 2,3,4,7 & 9, only one of the
two reference proteins had loops of equal size to that of GHA. In each case, these
coordinates were used to construct the model. Coordinates for loops 5 and 8 were found
using the loop search procedure. The source of SCR and loop coordinates used to build

the model are summarized in Table 3.

Table 3. Assignment of reference coordinates to the CRD model from MBP or ESEL.

SCR 'Homology 2Source LP  Homology Source
1 8.20/10.5 MBP 1 25.00/8.33 ESEL
2 10.00/11.5 MBP 2 na ESEL
3 18.75/08.75 ESEL -3 na MBP
4 8.00/00.00 ESEL 4 na MBP
5 2.50/22.5 MBP 5 na Loop Search
6 41.20/46.25 MBP 6 12.50/7.5 MBP
7 34.30/35.7 MBP 7 na ESEL
8 11.80/14.37 MBP 8  na Loop Search
9 na ‘ Loop Search
10 na MBP

'Homology score computed between GHA model sequence and each of the two reference
proteins, MBP and ESEL. A score is computed separately for the sequence defining each
SCR or LP.

2Source is the reference protein from which the coordinates were taken to construct
yortions of the model represented by each SCR or Loop.

na=not applicable

“Loop Search indicates that the coordinates used to construct this part of the model CRD
were obtained by searching a structurally non-redundant database of structures as discussed
in the Methods (p 34).

GHA Model Structure
The final model structure for the C-terminal CRD from clone 3 is shown as a ribbon

structure along side the ribbon structure for MBP in Figure 22 (top). The overall fold of
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Figure 22. Ribbon structures (top) for the homology model of the C-terminal CRD from
the grasshopper lectin, side-by-side with the MBP crystal structure. Space filling models
of both MBP and GHA ribbon structures are shown at the bottom. MBP is purple. GHA
is blue. The large loop formed by the characteristic bridging of conserved Cys residues is
purple in MBP and blue in GHA. The small loop is white in each. Conserved residues
representing Ca2tligands in MBP are orange in both MBP and GHA. Cys residues are
represented with space-filling atoms and colored by atom e. g. green=C, blue=N, red=G,
white=H and yellow=S. Conserved residues for GHA are labeled and numbered by
sequence position.
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Figure 23. Ca2+ligands for sites | (bottom) and 2 (top) from MBP on which equivalent
residues in GHA have been superimposed. Residues from MBP are colored by atom e. g.
green=carbon, blue=nitrogen, red=oxygen and white=hydrogen. Residues from GHA are
colored blue. The similar orientation of equivalent residues in GHA suggest this CRD may
bind Ca2+in the same way.
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the final model is similar to that seen for both MBP and ESEL (Figure 2 p 11). The four
conserved Cys residues defining the C-type motif in MBP are shown as space-filled
models and colored by atom e. g. yellow=$, blue=N, red=0, green=C and white=H. The
relative location and orientation of these side chains is similar for both MBP and GHA.
Sulfur atoms in the model are oriented such that the distances between sulfurs allows for
the potential formation of the disulfide bridges as seen in MBP and ESEL. The large loop
in the C-type motif is colored purple for MBP and blue for GHA. The small loop in each is
colored white. The insect CRD has =50% regular secondary structure defined as o
helices, B sheets and turns. The remaining structure is irregular and cannot be classified as
o helix or B sheets. These general features are also characteristic of MBP and ESEL.
Strictly conserved residues in this family of CRDs are found in these extended regions.
These residues are colored orange in both MBP and GHA. With the ex.ception of G236
which is found in a tight turn at the core of the model structure W262, E265, P267, N268,
N269, E276, N277, G288 and D289 are all located at or near the surface in the same
general region as seen for both MBP and ESEL. This similarity is demonstrated in Figure
22 (bottom) using space-filling mode;ls for GHA and MBP CRDs. These residues are
strictly conserved and their counterparts in MBP and ESEL are demonstrated Ca® ligands.
This suggests the CRD from grasshopper may ligate Ca* using a similar strategy. Ca®
ligands for sites 1 and 2 in the MBP CRD are pictured in Figure 23. In each, equivalent
residues from GHA are superimposed to demonstrate the similar 3D orientation of these
potential ligands. The CRD sequence folded as seen in this model also positions one of
two potential N-glycosylation sites at the surface of the CRD with N207 positioned for
potential covalent attachment to carbohydrate (Figure 24). The glycosylétion site at N29

lies outside of either CRD in both clones 3 and 4.




Figure 24. Model CRD in Figure 22 rotated 90° left on the Y-axis to show the location of
Asn207 at the surface of the structure. This residue represents one of two glycosylation
consensus sequences (NXT, s or C) available for covalent interaction with carbohydrate.
The N atom from Asn207 is colored dark blue. This potential glycosylation site is = 180°
opposite of the protein’s carbohydrate binding site and corresponding Ca2+ion/ligands.

GHA Model CRD Structure Assessment

Assessment of RMS Differences

The RMS difference between the GHA model, MBP and ESEL were measured to
assess the similarity of the new model to each reference structure. The model CRD was
superimposed separately on each of the reference proteins using the Ca from each of the
four conserved Cys residues known to form the C-type lectin fold in MBP and ESEL. The
difference between the model CRD and MBP, and the model CRD and ESEL was 0.96 A

and 0.82 A respectively. Superimposition of these structures is shown in Figure 25. This
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compares favorably with the RMS difference of 0.74 A when comparing the two reference
structures as shown in Figure 26. These measurements demonstrate quantitatively the new

model structure is as similar to each reference as each reference is to one another.

Assessment of -y Geometry

Comparison of the ¢—y angles in the new model with those from ESEL and MBP
help to assess the final structure. Ramachandran plots of MBP, ESEL and the CRD model
are similar (Figures 27, 28 and 29). The ¢-y geometry in the model CRD suggests the 3
dimensional structure occupied by this sequence is reasonable. Among flon-glycine
residues, 99% (97/98) maintain ¢-y angles that fall within allowed regions of the
Ramachandran plot. Of these 97 residues, 15 mai;ltajn ¢-y geometries in the ‘allowed’
region of plot, while the remaining 82 resi'dues maintain angles within the ‘core” region.
‘Allowed’, ‘disallowed’, ‘generously allowed’ and ‘core’ regions have been defined
previously by Morris (1992). The ¢-y angles for Phe232 lie in the ‘disallowed’ region of
the plot. This residue is labeled in Figure 27. These values are 83.7 and 145.8 for ¢ and v
respectively. Corresponding values in MBP are -'61.6 and 122.2. This alone does not
detract from the ‘reasonableness’ of the model. However rationalization of these
geometries may lead to useful information about the molecule or the ability to improve the
model. This residue represents the N-terninal residue in Loop1 Isuggesting the spurious ¢-
v geometries may be the result of a poor loop/SCR splice-junction.

The MBP CRD contains 101 residues. Of the 94 non-glycine amino acids, 99%
(93/94) fall within allowed regions of the plot and 88% of these residues maintain
geometries that lie within the “core” region. Eleven residues fall withiﬂ the ‘allowed’
region. As in the model CRD, one residue has angles which are “disallowed” (Lys37).
ESEL has 109 total residues. 100% (106/106) of the non-glycine residues have ¢-y
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Figures 25. GHA model CRD (blue) superimposed on MBP (purple). Bottom, GHA
model CRD superimposed on ESEL (green). RMS differences equal 0.96 Aand 0.87 A
respectively.
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Figure 26. Reference structures MBP (purple) and ESEL (green) when superimposed
using the four conserved Cys residues have an RMSD of 0.74

geometries falling within acceptable regions of the plot. 86% of these residues fall within
“core” regions while 10 residues (11%) maintain geometries which falling within the
“allowed” regions and two residues Tyr49 and Thr7 fall in the “generously allowed”
regions of the plot. No residues have ty-y geometries which are disallowed. Together,
these comparative data suggest the GHA model CRD is a reasonable 3D structure for the

sequence representing the C-terminal CRD from clone 3.

Assessment of Dihedral Angles
The range of peptide bond dihedral angles for the GHA model were compared to

that observed in both MBP and ESEL. Deviations in the range of angles, relative to those
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Figure 27. Ramachandran plot of <>yangles in the GHA model CRD. 99% (97/98) of
non-glycine residues maintain allowed 4>\/angles. Of these residues, 15 maintain O-y
geometries in the ‘allowed’ region of the plot while the remaining 82 residues maintain
angles within the ‘core’ region. The ¥ angles for Phe232 lie in a ‘disallowed’ region.
‘Core’, ‘allowed’, ‘generously allowed’ and ‘disallowed’ regions of the plot have been
previously defined by Morris (1992).
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Figure 28. Comparison of Ramachandran plots for the GHA model CRD and rat MBP.
The plot of MBP is similar to that of GHA. Ofthe 94 non-glycine amino acids, 99%
(93/94) fall within allowed regions of the plot. 88% (83/94) lie within the “core” region
and 11 maintain 4>\ geometries that fall within the “allowed” region. Lys37 has angles
which are disallowed”. This residue is labeled on the plot. Open triangles represent the <}
¥ angles for each residue in MBP. Closed triangles represent GHA.
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Figure 29. Comparison of Ramachandran plots for the GHA model CRD and human
ESEL. The plot for ESEL is similar to that of GHA. 100% (106/106) of the non-glycine
residues have $v geometries falling within acceptable regions of the plot. 86% of these
residues fall within core” regions while 10 residues (11%) maintain geometries falling
within the “allowed” regions. No residues have t\j geometries which are disallowed.
Gray dashes represent the ¢ angles for each residue in ESEL. Closed triangles represent
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of ESEL and MBP, may imply the presence of a structural flaw or provide information that
may be used to improve the model. A list of peptide dihedral angles for each reference
structure and the model CRD can be found in Appendix E. In thé GHA modei, 105 of 107
peptide bond angles (98%) are within 25° of £180°. In MBP, 100 of 101 dihedrals (99%)
occupy this range and 99% of the peptide bonds in ESEL fall within 31° of 180°. The
major exceptions in each structure are equivalent cis Prolines at positions 267, 186 and 81

in GHA, MBP and ESEL respectively (Figure 19). The peptide bond at Pro267 in the

model CRD occupies a dihedral geometry of 7.1°. Similarly, for MBP and ESEL, these
geometries are 5.1° and 3.8°.

In the GHA model, Thr209 occupies a dihedral angle of -142.3°. This angle is a
significant deviation from the favored +180°. However, Asp87 in ESEL maintains a
similar 149.1° dihedral angle suggesting the Thr209 dihedral may not significantly detract
from the model structure. The large deviation at position Thr209 likely arises from the loop
coordinates used to construct this region. Overall, the range of peptide bond dihedral
angles in the GHA model indicate the 3D structure is a reasonable representation of the
" GHA CRD sequence. |

Comparison of the disulfide dihedral angles between bridged Cys residues in this
family of CRDs waé also used to assess the reasonableness of the final model CRD.
Dihedrals from the grasshopper model CRD are 101° for the disulfide dihedral between
Cys278 and Cys292 bridged to form the small loop, and -86° for the dihedral between
Cys203 and Cys300 bridged to form the large, outer loop. The dihedral between
conserved Cys residues 195 and 209 forming the small inner loop in MBP is 96.7°. This
angle between Cys residues 128-217 forming the large outer loop is -79.70°. Similarly for

the CRD from ESEL, equivalent dihedrals between Cys residues disulfide bridged to form
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the small and large loops are -84° and -89° respectively. These similarities suggest the

orientation of Cys residues to form the C-type motif in the GHA CRD is reasonable.

Assessment of Sequence/Structure Compatibility

Three dimensional (3D) Profiles were used to assess the compatibility of the
sequence defining the C-terminal CRD from clone 3 with the 3D dimensional model
structure (Eisenberg, 1992). Figure 30 illustrates profiles for MBP and ESEL reference
proteins. These plots are somewhat different, but the 3D probability scores for each remain
relatively high and thus each represents a profile which may be typical for any homologous
seqﬁences folded in this manner. Favorable comparison of the 3D profile for the model
CRD from grasshopper lectin with each of the reference profiles (Figure 31 and 32)
suggests the overall model CRD is folded correctly and that there are no significant errors
in the core regions. Such errors would show up in the profile as regions reidically
different when compared to the reference profiles or very low average 3D probability
scores in certain regions of the plot. Total probability scores (S) between the three
structures compare favorably. S, =33.56 as calculated in this study and is consistent the
S\mp=38.43 reported by Bajorath (1995). The difference can be attributed to the number of
amino acids used to define the MBP CRD. For ESEL, the calculated value of Sy, =
48.13. This value is substantially higher than that seen for MBP because the portion of the
graph for residues 1-50 for ESEL contains probability scores substantially higher than
those seen for either MBP (Figure 30) or the model CRD in this region of the sequence
(Figure 32). Also, the sequence defining the CRD for this reference protein is longer than
either of those for MBP or the niodel CRD and this too will maké the value of S, higher
since the score is a sum of all scores for each residue in the sequence.‘ Finally, the reported
value of Sy, = 33.11 for the GHA model CRD, compares favorably to both MBP and
ESEL. These 3D profile data suggest the model structure for the CRD from this
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Figure 30. 3D profiles for MBP (black) and ESEL (dashed). SMp= 33.56, Sesel =
48.13. These values differ because of the difference in 3D probability scores seen in the
first part of the two sequences.
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Figure 31. 3D profiles for MBP (black) and the model CRD (heavy black). Smbp= 33.56
and Sgha= 33.11. These values compare favorably and the 3D profiles for each are
similar.
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Figure 32. 3D profiles for ESEL (dotted) and the model CRD (heavy black). Sfsfi =
48.13 and Sgha = 33.11.
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grasshopper lectin is a “reasonable” 3 dimensional representation of this primary sequence

(Bajorath, 1994 & Bajorath, 1996).
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DISCUSSION

The purpose of this work was to extend the characterization of two lectins from the
grasshopper, Melanoplus differentialis. The focus was defined by three goals: 1) to
complete a clone 3-specific cDNA sequence representing a full-length ORF for a lectin from
the grasshopper, Melanoplus differentialis, 2) to complete a clone 4-specific cDNA
representing a full—length ORF fér a second lectin from this grasshopper and 3) to
construct a computer-based homology model for a CRD from grasshopper lectin using the
deduced amino acid sequence and the crystal structure coordinates from rat MBP and
human ESEL. Results presented in this thesis indicate these goals to characterize a lectin(s)

from grasshopper have been achieved.

Previous Work and Origin of Clones 2. 3 and 4

Seventeen positive plaques were isolated from the original cDNA library. Three |
inserts were selected based on their larger size, subcloned in pGEM plasmid vector and
labeled clones 2, 3 and 4 (Rognlie, 1991). Clone 3 is the original 879 bp cDNA sequenced
and reported by Rognlie (1991). This cDNA contained an ORF including sequence coding
for an initiating Met and signal peptide, but lacked sequence for the stop codon and polyA
tail. The ends of clones 2 and 4 were sequenced in seérch of a clone 3-specific fragment
containing a stop codon and polyA tail. Clone 2 was partially sequenced, but did not

contain sequence representing the 3’ end of the original clone 3. Approximately 200 bp of
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clone 4 sequence was homologous to that of clone 3 and contained an ORF, a stop codon
and polyA tail. This sequence was used to complete a composite cDNA representing a full-
length mRNA for a grasshopper lectin. This 3’ sequence from clone 4 was not exactly
identical to that of clone 3 in the region of overlap, suggesting the clone 4 cDNA may
represent an mRINA coding for a second lectin. This presumption was the basis for work
to complete clone 3 and clone 4-specific cDNAs representing full-length ORFs for two

lectins from the grasshopper.

Strategy to Complete the Clone 3 cDNA

The complete cDNA sequence fbr clone 3 is 1220 bp long and contains a 324
residue ORF coding for an initiating Met, signal peptide and stop codon through the 1;olyA
tail (Figure 10 p 46). ‘This sequence is a product of the original 879 bp clone 3 and a newly
cloned cDNA containing the complete 3’ end. This recombinant plasmid was designated
pGEM31. The original 879 bp clone 3 was incomplete. Sequence from clones 2 aﬁd 4 did
not represent the authentic 3’ end of the clone 3 sequence. The most efficient strategy for
completing the 3’ sequence was to search the remaining 14 clones for a either a single
cDNA representing a full-length mRNA for clone 3, or a fragment representing the 3’ end.
This strategy takes advantage of the increased probability of finding the 3' end of clone 3
since during cDNA synthesis, the 3' end is transcribed first. RACE, or the construction of
anew cDNA library were viable alternatives to this strétegy, but were considered premature
before analysis of the remaining 14 clones.

A PCR based search of the remaining 14 positive plaques using a clone 3-specific

primer indicated that 12 of the remaining 14 were indeed clone 3-specific, but no products
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long enough to include the 3’ sequence were found (Figure 6 p 40). Eleven of the 12 clone
3-specific PCR products were the same size, =~ 550 bp. The expected size of a clone 3-
specific product containing the complete 3' end was = 730 bp. These products are
identical in size to that of the posi:cive control (clone 3 plasmid) suggesting all 11 are
truncated as observed in the original clone 3. Based on alignment with clone 4 sequence, it
was evident an EcoRI restriction site was present at the point of truncation (Figure 10 p
46). Because the point of truncation is identicaf in all 11 clone 3-specific cDNAs, it is
likely the result of inefficient protective methylation of the cDNA prior to ligation into the
original Agt11 library-vector. This would allow the cDNA to be restricted when creating
sticky ends for ligation into the vector. It was concluded the missing 3’ end of the original
clone 3 cDNA was not accessible via these methods and may not be available in this cDNA
library.

RACE was used to isolate and clone the 3’ end of the original 879 bp cDNA. This
strategy is based on RTe PCR with a gene-specific primer. The clone 3-specificity of the
‘879PCR’ primer was established, thus making 3’ RACE a rational means to selectively
isolate the 3’ end of clone 3 from polyA" mRNA. Figure 10 (p 46) illustrates the complete
clone 3 cDNA sequence. The position of the clone 3-specific oligo (879PCR) is underlined
and labeled in this ﬁgure The 5’ end of this primer anneals at nucleotide #392. At
nucleot1de #491 #785 and #881 are Ncol, Xhol and EcoRI restriction s1tes These sites
were used to verify the clone 3-authenticity of the =~ 800 bp RACE product (Figure 7 p 42 -
& Figure 8 p 43). The Ncol site is 100 bp 3’ of the primer annealing site. The ability to
cleave the =~ 800 bp product at this site served two purposes: 1) successful restriction
would help verify the clone 3 authenticity of this fragment before cloning and sequence

analysis, and 2) restriction at this site would also create a sticky end for ligation into ’
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pGEMS5fz(+) plasmid vector. The location of this Ncol site also allowed for the overlap of
388 bp of the original 879 bp clone 3 with the new fragment containing sequence
representing the complete 3* end. Identical sequence in this region proves the clone 3
authenticity of the newly obtained RACE product (Figure 9 p 45). Thé cofnbination of
sequence for the original 879 bp clone 3 witH that sequence isolated via RACE provides a

complete clone 3-specific cDNA.

Strategy to Complete the Clone 4 cDNA

'fhe complete clone 4 cDNA sequence is 1213 bp long and codes for a 326 residue
ORF including an initiating Met, signal peptide and stop codon through the polyA tail. The
sequence is the product of the original 1079 bp clone 4 and its newly cloned 5’ end.
Sequence analysis of the complete clone 4 was done first and determined this cDNA to be
1079 bp long. Alignment with the clone 3 cDNA indicated this sequence was homologous,
but not identical and thus clone 4 represented an mRNA for a second lectin from this |
grasshopper. The alignment also showed the 5’ end of this cDNA to be incomplete,
* missing sequence coding for an injtiating Met, signal peptide and several N-terminal amino
acids. As discussed above for clone 3, one strategy for oBtaining a cDNA representing this
5’ sequence was to search the remaining positive clones for this fragment. The PCR-based
search of the remaining 14 positive plaques using the clone 3-specific primer discussed
above clearly indicated that 12 of the 14 were clone 3-specific. However, two clones did
not amplify (Figure 6 p 40). These clones were amplified using the clone 4 si)ecific primer
‘1150PROB’. These products were = 350 bp and nominally of sufficient length to contain

any new 5’ sequence for the original clone 4 (Figure 12 p 49). Based on alignment with
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clone 3, an additional 69 bp would provide 5’ sequence encoding the initiating Met and
signal peptide, therefore two clones were cycle sequenced. Each was determined to be
clone 4-specific but truncated at the same position as the original 1079 bp cDNA. These
sequence results are not reported in this thesis. It was concluded the 5’ end of clone 4 was
not accessible using this method.

RACE was used to isolate and clone the 5’ end of the original 1079 bp clone 4
cDNA. Figure 14 (p 52) illustrates the complete clone 4 cDNA sequence. The position of
the clone 4-specific oligo (4036) is underlined. The 5’ end of this primer anneals at
nucleotide #225 and its 3’ end is oriented towards the 5’ end of the sequence. The RACE
product is =1100 bp (Figure 12 p 50). A clone 4-specific restriction site to verify the
authenticity of this fragment prior to cloning and sequence analysis was not available. This
fragment was cloned directly into pGEM-T vector and sequenced. This eliminated the use
of restriction enzymes for ligation and allowed the entire fragment to be cloned without
risk of cutting it into smaller pieces. The position of the 4036 primer allowed for the
overlap of 96 bp of the original 1079 bp clone 4 sequence with the new cDNA fragment
containing sequence representing the 5° end. Identical sequence in this overlapping region
proves the clone 4 authenticity of the new sequence (Figure 13 p 51). The combination of
sequence for the original 1079 bp clone 4 with that sequence isolated via 5° RACE provides
a complete clone 4-specific cDNA.

The 5’ RACE procedure was attempted unsuccessfully with two primers prior to
the use of the 4036 primer discussed above. The 1150PROB primer was used successfully
to screen the remaining positive plaques, but was not capable of isolating a clone 4-specific
5’ RACE product. Two fragments generated using this primer were cloned and partially

sequenced, but determined not to be clone 4-specific. A second primer, pGEM41NP, was
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also employed and two resulting DNA fragments were cloned and partially sequenced.
Here again, neither was determined to be clone 4-specific. The 4036 primer which was
ultimately successful in the 5* RACE procedure arose from work to determine the presence

or absence of introns within the coding regions of clones 3 and 4 (Gedik, 1996).

cDNA Sequences for Clones 3 and 4

The cDNA sequences for clone 3 (Figure 10 p 46) and clone 4 (Figure 14 p 52)
are 81% identical (Figure 15 p 54) including the 3’ nontranslated regions and polyA tail.
These sequences represent distinct genes coding for two separate lectins from the
grasshopper, Melanoplus differentialis. Each is complete as defined by sequence coding
for an OREF, initiating Met, signal peptide and stop codon through the polyA tail. The most
important differences between these two sequences are at nucleotide #203 of the clone 3
sequence and #398 of the clone 4 sequence where there exist 6 and 9 nucleotide inserts,
respectively. The net difference is 3 additional nucleotides in the clone 4 sequence coding
for 1 additional amino acid in the mature protein. These regions represent the two greatest
differences between the sequences and were the basis for the design of clone 3 and clone 4-
specific primers used in the RACE procedures discussed above. No other regions between
the two sequences are sufficiently different to allow for the design of primers which would
distinguish clone 3 from 4. Clone 3 and 4 have identical EcoRI sites at positions #881 and
#891, respectively. It is interesting that éll of the clone 3 positive insertg are truncated at
this site, but the two clone 4 pbsitive inserts are not. Clone 4 has an EcoRlI site at position
#126 that is not present in the clone 3 sequence. The clone 4 positive cDNAs are truncated

at this position. This explains why there were no complete clone 3 or clone 4-specific
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cDNAs in the original library. As discussed for the clone 3 sequence, this truncation must
be the ;esult of incomplete protective methylation of cDNA prior to restriction and ligation-
during construction of the original library.

The cDNAs for each of clones 3 and 4 encode two duplicated, tandem CRDs.
cDNAs representing these CRDs are similar, but encode distinctly different CRDs when
compared to one another, and when comparing CRDs between clones 3 and 4. This
duplication is unique among invertebrate lectins thus far reported in the literature and likely
arose as a result of eaﬂy gene duplication. The cDNA encoding the cockroach LPS binding
protein reported by Jomori (1991) is 2271 bp long, but encodes a single CRD. Roughly
1500 bp of this sequence is at the 3’ end following the stop codon. Kawasaki (1996)
reports ﬁye cDNAs encoding C-type lectin domains similar to those seen in the
grasshopper. Partially complete cDNAs range from 901-2881 bp in length, but again
sequence representing only a single C-type CRD is present. Drosophila melanogaster also
encodes a single CRD within a 774 bp cDNA (Haq, 1996). Similarly, the C-type lectin
cDNA (Takahashi, 1985) from the fleshfly is 976 bp, but encodes only one CRD.
Sequence identity between cDNA representing each grasshopper lectin and that from
cockroach, fleshfly and Drosophila is < 25%. However, in each sequence, codons for the

eight strictly conserved residues ‘deﬁning the C-type CRD are present.

Amino Acid Sequences for Clones 3 and 4

Clone 3 Amino Acid Sequence
The amino acid sequences from clone 3 (Figure 16 p 56) and clone 4 (Figure 17 p

57) are 80% identical between sequence defining each ORF. Alignment of these sequiences
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is shown in Figure 18 (p 58). The 304 amino acid sequence for the mature clone 3 protein
has a calculated molecular weight of 34056 Da. This weight is consistent with that reported
by Stebbins (1985) via SDS-PAGE and Wenzlick (1996) for a laboratory purified lectin
from this grasshopper. Amino acid sequences répresenting two distinct C-type
carbohydrate recognition domains are evident in  this protein. Cys residues at positions
#71, #143, #157 and #165 are conserved in CRD1. Based on sequence alignment with
MBP and ESEL, these residues are likely disulfide bridged to form the C-type architecture
common to this protein family. All strictly conserved positions are colored gray in Figure
33. Itis proposed that Cys71 and Cys165 are bridged to form the large outer loop of the
motif, while Cys143 and Cys157 form the small loop. Each loop is evident in the crystal
structures for MBP, ESEL and the GHA model CRD (Figure 22 p 65). This conserved
sequence pattern is rebeated in the second CRD where it is proposed Cys203 and Cys300
are bridged to form the large loop while Cys278 and Cys 292 form the small loop in the
motif. The large loop in CRD1 of this sequence is 95 residues while that in CRD2 is 98.
The significance of this size difference is unknown. The small loops are each 15 residues.
In each CRD, four additional invariant residues are present. Gly102, Trp125, Pro130 and
Asp150 are conserved in CRD1 and equivalent residues Gly232, Trp258, Pro260 and
Asp285 in CRD2. Nine potential Ca* ligands in each GHA CRD are also conserved or
conservatively substituted relative to the known ligands in MBP and ESEL (Figure 23 p
56). These positions are boxed in Figure 33. The exception is position 288 which is Asp
and Asn in MBP and ESEL, but Gly in CRD2 of clone 3. This position is a proposed Ca**
ligand and therefore requires an available -C=0 or -NH, for donation of electron pairs. It
méy be that Gly serves as a ligand by donating a backbone -C=0. This position is

occupied by His and Ile in thé barnacle (BRAZ2) and the echinoidin (ECH) shown in Figure
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33. Based on alignment with the other sequences in this family, these residues are unusual

but do not detract from the C-type classification of this CRD.

Clone 4 Amino Acid Sequence

The deduced amino acid sequence for clone 4 is similar in size and content to that of
clone 3. The 305 residue protein has a calculated molecular weight of 34401 Da. This
mass is also consistent with that reported by Stebbins (1985) and Wenzlick (1996) for a
grasshoppér lectin isolated and purified in this laborzitory. Conserved amino acid
sequences representing two distinct C-type carbohydrate recognition domains are present in
the deduced clone 4 sequence. Cys residues at positions #69, #144, #158 and #165 are .
conserved in CRD1 and are likely disulfide bridged to form the archetypal C-type motif
(Figure 33). It is proposed that Cys69 and Cys166 are bridged to form the large outer |
loop, while Cys144 and Cys158 form the small loop. This pattern of conserved Cys
residues is repeated again in the second CRD (Figure 33) where it is proposed Cys204 and
Cys301 are bridged to form the large loop while Cys279 and Cys 293 form the small loop
in the motif. The large lolop in each of the clone 4 CRDs is 98 residues while the small
loops are 15. Gly107, Trp130, Pro135 and Asp155 in CRD1 equivalent residues Gly237,
Trp263, Pro265 and Asp290 in CRD?2 are also strictly conserved in this family of C-type
CRDs. Nine potential Ca** ligands in each CRD are also consérved or conservatiizely ‘
substituted relative to the known ligands in MBP and ’ESEL. These positions are boxed in

Figure 33.
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Comparison of C-type CRDs

Figure 33 illustrates the alignment of sequences representing 12 known vertebrate
and invertebrate C-type lectin CRDs, including the four reported here from grasshopper.
Sequences extend between the two conserved Cys residues forming the large loop in the C-
type motif, based on the known structures for‘MBP and ESEL. The size of the large and
small loops vary slightly between species, but sizes throughout are generally consistent.
The size of the large loops range from 80 residues in the echinoderm (Giga, 1987) to 105
residues in the cockroach (Jomori, 1991) and fleshfly (Takahashi, 1985). Small loops
extend from 15 residues in the cockroach, fleshfly and grasshopper proteins to 20 residues
in ESEL (Graves, 1994). Each sequence maintains eight strictly conserved positions
which help conserve the typical C-type architecture as seen in MBP a;nd ESEL. The four
Cys residues forming the large and small loops are conserved throughout. These residues
are shown colored gray in Figure 33. Four additional positions are strictly conserved.
Gly, Trp, Pro and Asp are colored gray and/or boxed in Figure 33. The positions of Ca**
ligands in MBP and ESEL are boxed. These positions are less well conserved throughéut
this family suggesting some members may bind Ca® differently using different sidechain
ligands. This is not unreasonable since MBP and ESEL employ different ligands to bind
Ca”* differently at one position. It is concluded that each of the four CRDs encoded by

cDNA clones 3 and 4 represent authentic C-type lectins.

Signal Peptides for Clones 3 and 4
Proteins destined for export are generally synthesized with a 20-40 residue N-

terminal extension (Briggs, 1985). This is the signal peptide and as such mediates export
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of the protein across membranes (von Heijne, 1984). The format of a signal sequence has
been defined by Watson (1984) based on the analysis of 277 i(nown signals. These
sequences; 1) are 20-40 residues in length and usually contain a charged residue among the
first five amino acids, but not exclusivély, 2) contain a core of hydrophobic residues (up to
9) followed by 3) a ‘helix-breaking’ residue commonly Gly, Pro or a large polar amino
acid like Gln, which frequently occurs 4-8 residues prior to the cleavage site. The pattern
of amino acids near the cleavage site has been defined (von Heijne, 1984) for 78 eukaryotic
proteins. This pattern has been summarized as the ‘-3, -1’ rule (cleavage occurs between -
1 and +1, where +1 is the N-terminal residue in the protein). The ‘-1’ position must be
occupied by Ala, Ser, Gly, Cys, Thr or GIn. Phe, His, Tyr or Trp cannot occupy this
position. Asp, Glu, Lys, Arg, Asn or Gln usually reside in position ‘-3’. Pro is not
allowed in positions -3’ to ‘+1°, but is common at position -5’

The 20 residue signal from the clone 3 sequence adheres to the format discussed
above. The clone 3 signal sequence is underlined in Figure 16 (p 56). The first residue in
the protein sequence is Ala (MQLVTVCAALVAATVPCTLAA). This residue is ‘+1’
position and underlined. At the ‘-1’ position is Ala which is allowed by the 3, -1’ rule.
The ‘-2’ position is occupied by Leu. The only stipulation put on this position is that Pro is
not allowed there. The ‘-3’ position is occupied by Thr, which is unusual for this position.
However, in a study of 90 signal peptides, von Heijne (1983) reports eight sequences in
which Thr occupies the ‘-3’ position, indicating this residue is not exclusively prohibited.
The ‘-5’ position in the putative clone 3 signal is occupied by Pro, a common residue for

‘this location. The clone 3 signal peptide contains a core sequence of eight hydrophobic
residues (M--VCAALVAA--), but is missing a charged sidechain within the first 5 residues

of the sequence. Here again, of 90 known signal sequences reported by von Heijne (1983)
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only 26 contained a charged residue prior to the hydrophobic core. This suggests that
while a charged residue is common in this region, its absence does not preclude the
sequence from functidning as the signal. There are no alternative start sites in this
sequence. Additionally, N-terminal amino acid sequence suggests the designated N-
terminal Ala is accurate and the molecular weight reported for the deduced amino acid
sequence beginning with this Ala is consistent with that measured for grasshopper lectin
isolated and purified in this laboratory (Wenzlick, 1996). This evidence combined,
_suggests the designation of the signal sequence in clone 3 is rational.
The clone 4 signal is 21 residues and is shown underlined in Figure 17 (p 57). The
‘+1” position representing the N-terminal amino acid is Ala and is also underlined (MACP
LIMFETRPTVLMVGTGA). The ‘-1’ position in this sequence is occupied by Gly and so
adheres to the ‘-3,-1’ rule as defined above. Thr occupies the ‘-2’ position. This also
meets the criteria outlined by von Heijne (1983) since only Pro is prohibited from
occupying ‘-2’. The ‘-3’ position is occupied by Gly. This residue is very unusual at this
position, but not prohibited (von Heijne, 1983). Pro occupies ‘-9’ and most likely
represents the ‘helix breaking’ residue common to many signal sequences (Watson, 1984).
A nine residue hydrophobic core (MACPLIIIF--) is present in the sequence, but as
discussed for the clone 3 signal peptide, no charged residue is present. Glu at position ‘-
12’ immediately following the hydrophobic core is peculiar. Polar residues are not
common in the C-terminal side of the hydrophobic core region unless at position ‘-3’, but
exceptions exist. The signal sequence for the LPS binding protein from cockroach
(Jomori, 1991) also has a single Glu at position ‘-13’ immediately following the
hydrophobic core. As seen with the clone 3 signal sequence, there are no alternative start

sites present in the designated clone 4 signal. The calculated molecular weight of the
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mature protein beginning at Ala is also consistent with that measured for a purified lectin
from this grasshopper. Considering these data, it is concluded that the proposed signal

peptides for both clones 3 and 4 are rational.

Use of Unique Protocols

PCR Amplification Using a “Hotstart”
Hotstart PCR was used throughout work described in this thesis. This technique

prevents the premature extension of randomly annealed primers at room temperature.
Manual hotstarts were first employed, but two strategies 1) hotwax™ beads (Clontech™,
Palo Alto CA) and 2) Amplitag Gold™ (Perkin Elmer Corp., Applied Biosystems
Division)'were used with greater ease and success. Manual hotstarts are done by setting up
the reactions on ice, thus preventing premature extension by Taq polymerase. The
hotwax™ bead allows the combination of all reactants at room temperature, but without the
Mg** cofactor required by Taq. This cofactor is supplied in the wax bead added to the tube
immediately prior to cycling. Denaturing temperatures melt the wax and liberate Mg** to
activate the enzyme. The molten wax serves as a vapor barrier during cycling. The use of
Amplitaq Gold™ has proven to be the most efficient and cost effective. This Taq is a
proprietary formulz;ltion which is inactive before prolonged heating at 95° C. Reaction
components can be combined at room temperature and overlayed with mineral oil. The
reaction is heated for 10 minutes at 95° C to activate the enzyme before cycling. This is the

recommended hotstart strategy for future work in this laboratory.
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Isolating the RT°PCR Product from Agarose

PCR products were visualized using agarose gel electrophoresis with ethidium
bromide staining. To remove DNA from agarose gel for restriction analysis or cloning,
Prep-a-gene™ (BioRAD, Hercules CA) was employed. This strategy is convenient and
requires = 20 minute's to recover DNA. Prep-a-gene™ is 'highly recommended for future

work in this laboratory.

Use of pGEM-T Vector
The commercial pPGEM-T plasmid vector was used to clone the 5° RACE products

discussed in this thesis. This vector uses a modified ‘sticky-end’ approach and ailows for
the cloning of PCR producté' directly. The plasmid is a pGEMS5fz(+) vector opened within
the polylinker and blunt ended. Overhanging thymines (T) are enzymatically added to each
side. This strategy takes advantage of the non-template directed addition of a single
adenine (A) by Taq polymerase during PCR. Overhanging ‘As’ on the product base-pair
with overhanging Ts in the vector providing for a sticky end ligation of PCR products
directly into the vector. Restriction sites in newly amplified DNA are often unknown prior
to sequence analysis. Use of a'T-vector allows PCR products to be directly cloned without
further enzymatic modification or purification. This makes ligation into this vector easy

and fast. This cloning procedure is recommended for future work in this laboratory. ' S

Model of GHA CRD

A 3D structure for the C-terminal carbohydrate recognition domain from the clone 3
amino acid sequence was predicted using sequence homology with two reference proteins,

MBP and ESEL (Figure 22 p 65). The GHA model is qualitatively similar to the structure
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seen for both MBP and ESEL. Approximately 50% of the structure is represented by a
helices and B sheets. The remaining structure is very non regular, and best described as
extended iodps. The orientation of the large and small loops forming the C-type motif is
also similar to that seen in each reference (Figure 22 p 65). Potential Ca** ligands are
oriented at the surfaqe of the domain (Figure 24 p 67) and occupy space suggesting the
GHA domain could ligate Ca** as seen in MBP. Figure 25 (p 69) illustrates the overall
similarity of GHA to the MBP and ESEL references. Quantitatively, the overall GHA
structure is as similar to MBP and ESEL as these two references are to one another. This
suggests the GHA model is a rational 3D structure for the sequence defining the C-terminal

CRD from clone 3.

Reference Structures MBP and ESEL

MBP and ESEL have been used as references to predict 3D structures for other C-

type lectin domains. A structure for Fce/CD23 was first predicted by Padlan (1993) using

MBP. A second structure for this domain was later generated using both MBP and ESEL
(Bajorath, 1996), concluding that use of both references helped to more accurately predict
the model structure in regions of atypical secondary structures. The type II antifreeze
protein in fish was also modeled using the MBP crystal structure (Sonnichsen, 1995), as
well as the T-cell activation antigen CD69 (Bajorath, 1994). Homology based modeling to
predict each of these structures were used to predict and assess the structure for the GHA

model.
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Conservation of Disulfide Geometry
The C-type CRD in MBP and ESEL contains two disulfide bridges. The GHA

model is predicted to have equivalent disulfide bridges between residues Cys278 and
Cys292 proposed to form the small loop in the motif, and Cys203 and Cys300 forming the
large loop. The side chain conformation of these four Cys residues were modeled
‘'specifically to provide good proximity for disulfide bridging (Bajorath, 1994). This was
accomplished by constraining the movement of these residues during refinement
(Castonguay, 1995). This restraint serves to maintain the integrity of the angle for each
dihedral (Sonnichsen, 1995). The disulfide dihedral angles in GHA are 101° between
Cys278 and Cys292 and -86° for that between Cys203 and Cys300. These angles are
consistent with those seen in both MBP (96.7° & -79.70°) and ESEL(-84° & -89°)
suggesting the constraiﬁed refinement used to construct the model and preserve the two

disulfide linkages forming the C-type motif was effective.

¢—v and Peptide Bond Geometries in the GHA Model

Rémachandran plots were used to assess ¢~y geometry in the final model. The
main chain torsion angles ¢ and v are key variables for describing protein conformations
(Karplus, 1996) and the initial assessment of predicted models by analysis of ¢ and v is
essential to judging the overall quality of the final model structure. The model CRD
exhibits 99% of all non-Gly residues within allowed regions of the plot as shown in Figure"
27 p71). Of these residues, 84% fall within the ‘cofe’ regions as defined by Morris -
(1992), while 15% are within * generously allowed’ regions. This distribution is consistent
with the predicted structure of the type II antifreeze protein. Here, 97% of non-Gly

residues fall within ‘allowed’ regions of the plot, 84% within core regions (Sonnichsen,
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1995). In the model structure for ‘CD69, 100% of the non-Gly residues lie within allowed
r.egions of the plot (Bajorath, 1994). These distributions suggest the ¢—y geometries in the
predicted structure for a GHA CRD are reasonable and the qualit.y of the GHA model is
comparable with those in the literature. Based on these comparisons, it may be concluded
the GHA model is a reasonable 3D structure for this sequence.

Peptide bond dihedral angles for the GHA model and the two reference structures
MBP and ESEL are summarized in Appendix E. Within the GHA model, 98% of all
peptide bond dihedral angles fall within 25° of £180°. This distribution is reasonable when
compared with the those for MBP (99%) and ESEL (99%) and confirms that no
unreasonable dihedrals were introduced into GHA during the model building procedure.
The major exceptions in each structure are equivalent cis Pro at positions 267, 186 and 81

in GHA, MBP and ESEL respectively. These cis pepﬁde bond dihedrals are similar for

GHA (7.1°), MBP (5.1°) and ESEL (3.8°), here again suggesting the GHA CRD was
modeled appropriately in the region of this Pro residue. Models for CD23 (Padlan, 1993 &
Bajorath, 1996) and CD69 (Bajorath, 1994) do not contain equivalent Pro residues at this
position. The range of peptide bond dihedtal angles in the GHA model, when compared to
those of MBP and ESEL, again suggests the 3D structure is a reasonable representation of

the GHA CRD sequence.

Comparison of 3D Profiles
The 3D profile for the GHA model was compared to that for MBP (Figure 31 p 77)

and ESEL (Figure 32 p 78) to assess the compatibility of the GHA sequence with the '
structure it was folded into. The comparison is based on the assumption that profiles for

MBP and ESEL crystal structures represent properly folded sequences. Profiles for GHA,
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MBP and ESEL are generally similar and represent comparable 3D probability scores. This

general similarity suggests the GHA profile would be typical for any homologous

sequences folded in this manner and suggests the overall model CRD is folded correctly.

Further, the lack of low scoring regions in the plot relative to plots for MBP and ESEL

suggests there are no significant errors in the overall structure. The GHA proﬁ-le is

consistent with those for the models of CD69 (Bajorath, 1994) constructed using MBP as a

reference, and CD23 (B ajorath, 1996) constructed using both MBP and ESEL as reference

proteins. This suggests the GHA model is an equally good 3D representation of the

sequence defining the grasshopper CRD.

Recommended Future Work

In the immediate future of this project, the following priorities should take

precedence.

1)

2)

The complete sequence for the = 1100 bp 5° RACE product reported in Figure 12
(p 50) should be completed. Approximately 460 bp of this cDNA was sequenced
to obtain the complete 5” end of the original clone 4, leaving = 600 bp of unknown
sequence. Similarly, the 5’ RACE procedure was completed using a clone 3-
specific prirrler generating a =~ 1500 bp fragment of which = 1100 bp represents
new 5’ non-translated sequence.

RT<PCR should be used to confirm that fragments used to complete clones 3 and 4
belong to one another. For clone 3, this can be accomplished by using a clone 3-
specific primer in the 5’ non-translated region of the sequence to amplify the entire

coding region. Sequence analysis of this fragment would serve to verify that the
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4)

5)
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two cDNAs, discussed in this thesis, and used to obtain the complete clone 3 ORF
belong together. This strategy should also be applied to the clone 4 sequence using
a gene-specific primer in the 5’ non-translated region.

Amino acid sequence for CNBr fragments from theprotein(s) isolated in the'
laboratory should be repeated: If enough sequence data of sufficient quality can be
obtained, this may provide the basis for the design of gene-specific primers of
potential use in a RT<PCR reaction to isolate cDNA representing the protein isolated
in the lab. |

The 450 bp PCR product obtained using the clone 3-specific primer for screening
the remaining 14 positive clones (Figure 6 p 40, lane i4) should be isolated, cloned
and sequenced. This fragment may represent a portion of the protein isolated in the
laboratory. Cloning and sequencing this fragment is straightforward and cost-
effective.

Finally, laboratory personnel should collaborate to express all or a portion of clones
3 or4. Expression of a CRD may allow for the analysis of its CHO specificity.
Expression of each domain separately may help determine if each has similar or

different specificities e. g. galactose or glucose.

Summary of Results

The cDNA sequences from the original 879 bp clone 3 and the 1079 bp clone 4

represented incomplete portions of two homologous sequences. 3° RACE was employed

to isolate and clone a cDNA containing the complete 3’ sequence for clone 3. This new
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sequence was combined with the original 879 bp clone 3 sequence to complete a cDNA .
representing a full-length ORF for a grasshopper lectin. 5° RACE was used to isolate and
amplify a cDNA containing the complete 5’ sequence for clone 4. Similarly, this new
sequence was combined with that known for the original 1079 bp clone 4 to complete a
cDNA sequence representative of a full-length ORF for second lecﬁn.

'A computer-based 3D structure for the deduced amino acid sequence representing a
the C-terminal CRD from the clone 3 lectin was predicted b‘y homology using the crystal
coordinates for rat MBP and human ESEL. Assessment of this model indicates the final
structure is a reasonable 3D representation of this sequence suggesting the C-type CRD

- from grasshopper may occupy a fold similar to that seen in rat MBP and human ESEL.
Conclusions

The work discussed in this thesis represents the successful completion of three
goals to extend the molecular characterization of lectins from the grasshopper. Specific

accomplishments are:

1) The sequence for a complete clone 3-specific cDNA representing a full—léngth ORF
for a lectin from the grasshopper Melanoplus differentialis was completed.. This
cDNA is 1220 bp long and contains sequence representing the initiating Met,
signal peptide, stop codon and the 3' non-translated region through the polyA tail.
The deduced amino acid sequence coﬁtains 324 amino.acids. The calculated

molecular weight of the protein is 34056 Da.
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3)
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The sequence for a complete clone 4-specific cDNA representing a full-length ORF
for a second lectin from the grasshopper was completed. This cDNA is 1213 bp
long and contains sequence representing the initiating Met, signal peptide, stop
codon and the 3' non-translated region through the polyA tail. The deduced amino
acid sequence is 325 amino acids. The calculated molecular weight of the protein is
34441 Da. ngethg:r, results confirm the eﬁstence of multiple lectin proteins in the

grasshopper.

A computer-based 3D model for a grasshopper CRD was completed by homology
modeling using the crystal structure coordinates for MBP and ESEL. Based on the
assessment of the model using Ramachandran plots and 3D Profiles, this model is a

reasonable 3D representation of the primary sequence.
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APPENDICES

The following list defines abbreviations at the top of each column in
Appendices B, C, D and E.

# = position of amino acid residue in the polypeptide sequence.

R = amino acid residue.

Ab = area of the amino acid sidechain that is buried.

Fp = fraction of the amino acid sidechain that is covered by polar
atoms.

Score = 3D probability for individual residue.

Acc  =accumulated 3D probability score.

Avg = average 3D probability score for a 21 residue window (10
residues on each side)

¢ . =¢ angle used to plot ¢ vs ¥ in a Ramachandran plot.

v =\ angle used to plot ¥ vs ¢ in a Ramachandran plot.

. Amide = peptide bond dihedral angle.

%1 = side chain angle

Data presented inside a box is discussed in the Results and or Discussion
- section of this thesis.
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APPENDIX A

Sequencing Primer Summary

clone 2
clone 3
3152 3153
3' RACE Product
3132 SP6
clone 4

35 3y

5" RACE Product
SP6

Illustration of clones 2, 3 and 4 including the cloned products from 3’ and 5 RACE
showing the primers used for sequence analysis and their relative location to one another.
XEand XR anneal to the Xgtl I cloning vector flanking the insert. SP6 and T7 primers

anneal to vector sequence flanking the insert.
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GHA Model Assessment Data

# R Ab Fp Env Acc Scor Avg21 o v Amide ¥l
191 A 36 094 E 014 014 0.28 -59 -173.9
192 E 692 065 P2 042 028 028 -745 1143 -167.8 -174.2
193 K 1005 074 P2 0.89 047 028 -924 84.6 178.1 -166.6
194 A 535 055 P1 138 049 028 -1424 -161.7 -170.5
195 V 893 073 P2 064 -074 028 -87.9 1546 -1786 64
196 Y 1633 045 B2 178 1.14 028 -60.2 -33.5 166.1 -161.2
197 A 219 091 E 192 014 028 -61.3 -33.6 1614
198 E 567 064 P2 22 028 028 -70.1 -36.2 -176.1 -66.1
199 A 71 011 P1 269 049 028 -534 -59.3 1729
200 A 535 068 P2 244 -025 028 -578 449 1697
201 R 535 094 P2 268 024 028 -536 -484 1735 -1706
202 V 886 06 P2 194 -074 025 -71.6 -35 1701 -157.9
203 C 56 045 P1 323 129 023 659 402 1618 -696
204 R 695 081 P2 347 024 023 -528 -46.1 167.2 -70.1
2056 8 1659 087 E 381 034 021 -75.8 21.3 178 "-174.2
206 E 832 062 P2 409 028 019 -1395 -585 -171.3- -726
207 N 817 07 P2 46 051 016 -128.3 -685 -179.3 -66.8
208 A 24 072 E 474 014 018 -149 -68.8 -168.2
f209 T 761 055 P1 529 055 018 -161.7 -36.3 -142.3 -162.2 |
210 L 154 044 B2 6.06 077 019 156 1132 -1736 -46.8
211 A 591 067 P2 581 -025 019 -822 1099 -175.3
212 V 1265 055 B3 541 -04 017 -96.9 1247 165.1 -61.5
213 P 1223 036 B2 534 -0.07 018 -782 103 -175.5 33
214 D 1006 048 P1 568 0.34 015 -921 -42 -175.2 -63.8
215 T 654 064 P2 576 0.08 007 -1406 1542 1762 67.2
216 W 966 071 P2 467 -1.09 009 -564 -39.3 170 -71.8
2177 D 142 092 E 511 044 008 671 -33.3 1638 -714
218 R 102 08 P2 667 056 007 -638 -465- 1688 -66.9
219 V 116 038 B2 6.08 041 006 -559 -456 1683 -56.4
220 E 757 087 P2 67 062 004 -51.3 -59.5 1747 -178.1
221 T 218 084 E 6.5 0.2 -0.02 -653 -321 164.9 -165.4
222 L 936 047 P1 6.2 0.3 003 -623 -51 170.6 -70
223 L 1056 06 P2 6574 -046 0.1 -564 -43 169 -170.3
224 R 467 09 P2 63 056 015 -623 -349 1699 -66.3
225 L 179 091 E 493 -137 0.16 74  -353 176 -172.9
226 L 121 - 035 B2 &7 077 021 -783 1505 1634 -69.8
227 E 34 0.9 E 574 0.04 0.33 -73 139.5 -176.56 -68.9
228 P 367 082 E 599 025 034 -746 837 -170.9 298
229 K 1395 059 B3 607 0.08 028 -922 1177 -168 -161.1
230 E 174 09 E 611 004 028 -615 -35 170.2 62.8
231 E 1167 049 B3 665 -046 026 -785 -7.3 167.2 72
[232 F 160.2 069 B3 6.36 071 0.19 83.7 1458 -171.2 -49.7 |
233 Y 1894 042 B2 75 114 0.18 -952 1281 -1739 -61.3
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234 L 1533 028 B1 856 1.06 0.29 -66 128.1 -176.6 -72.7
235 T 1116 032 P1 911 055 025 -103.9 1642 1646 67.1
236 G 40 0583 E 1021 11 037 -835 606 -168

237 F 189 037 B2 1153 132 0.34 -1586 912 -1572 -164
238 T 856 06 P2 1232 079 039 -1393 130 -179.2 -66.1
239 D 11563 053 B3 1156 -0.76 0.39 -76 1247 -168.8 177.2
240 E 534 073 P2 1197 041 043 -1108 -818 -1774 -671
241 A 15 092 E 1211 014 052 -95 -66.4 -179.7

242 V 254 09 E 1045 -166 0.55 -858 1044 -1723 -56.9
243 E 1145 0.74 B3 1003 -042 049 -615 1278 -163.6 -165.1
244 G 175 085 E 1178 175 0.37 1074 -39.1 -179.9 |
245 D 267 076 E 1148 -03 035 -848 1119 -1789 -71.3
246 F 1869 045 B2 128 132 04 -888 1233 -1711 -716
247 V 689 085 P2 1288 008 032 -915 1217 1781 -575
248 T 1109 026 P1 1383 095 0.23 -72 118.7 -178.7 57
249 E 929 063 P2 1424 041 025 -59.8 -366 1702 -168.1"
260 T 772 051 P1 1519 095 0.31 -658 -225 -1775 535
[251 G . 7 097 E 1694 175 032 851 78.3 -166.9 |
252 R 1137 066 P2 1713 019 035 -133.6 '163.9 1509 -654
253 H 522 08 P2 1664 -049 045 655 1136 1796 676
254 L 958 067 P2 1531 -133 043 -818 865 1671 179.8
[256 K 102 078 P2 1586 055 043 -783  88.5 -157 55.9 |
256 G 211 047 E 1761 175 042 -526 -52.3 -177.9

257 M 179 089 E 1699 -062 033 -60.3 432 1715 -687
258 E 1057 051 P1 16.31 -068 0.33 -78 -266 163.7 719
259 F 1876 0.33 B2 1763 132 028 -683 -526  -161 -93.4
260 Q 1201 047 B3 18.15 052 026 -119.8 73 -171  -169.3
261 V. 104 045 P1 1859 044 013 -899 836 -1762 -1694
262 W 1976 04 B2 1942 083 005 -71.2 1502 -160.1 -60.6
263 S 721 047 P1 1991 049 012 -74 1465 -178.2 657
264 P 198 084 E 19.03 -088 017 -63.7 114  -159.4 258
266 G 7 098 E 2078 175 0.19 1187 -331 176.2

266 E 1283 066 B3 2036 -042 014 -89.8 1449 2.6 -71.3
267 P 991 05 P1 1971 -065 0.04 -844 117.7 -1649 324
268 N 675 096 P2 19.71 0 013 -812 -53.6 1753 79
269 N 521 079 P2 19.71 0 022 -948 1199 -171.6 -747
270 D 848 071 P2 1968 -0.03 0.18 -130.8 747 1789 -62.8
271 vV 33 09 E 1802 -166 02 -1182 1276 -171.9 -584
272 D 60 081 P2 1799 -0.03 021 -714 1028 -176.3 -164.9
[273 G © 1 E 1974 175 025 151.9 70 -178.2 |
274 K 858 067 P2 2029 055 024 -1347 -67.2 -1756.8 1745
275 P 605 059 P2 1928 -1.01 036 -851 1029 169 33.5
276 E 1378 066 B3 1886 -042 0.26 -1347 823 -1702 -771
277 N 1182 0.7 B3 1853 -0.33 029 -85.3 -8.2 166 -84.7
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278 C 56 024 P1 1981 128 041 -81.9 151.8 1623 -83.2
279 L 154 0.18 B1 2088 1.07 0.37 -922 1357 1732 -1728
280 A 71 034 P1 2147 059 041 -1181 1381 176
281 F 1834 022 B1 2243 096 043 -746 1201 -172.9 -164.1
282 8§ 86 04 P1 2292 049 051 -771 1404 1626 -66.6
283 G 372 062 E 2467 175 053 -557 -39.5 163.8
284 R 766 074 P2 2486 0.19 045 -95 38.3 167 52.1
1285 G 337 03 E 2661 175 045. 83.1 673 -174.7 ‘
286 Y 661 075 P2 2631 -03 05 =77 130.1 -159.1 -73.7
287 Y 197 025 B1 2648 0.17 048 -80.3 159 169.6 -65.3
288 G 40 038 E 2823 175 056 -1369 1586 1768
280 D 116 059 B3 2747 -076 0.55 -83.3 144 1628 822
290 R 1517 047 B3 2831 084 056 -1291 146  -179.7 -160
291 § 721 032 P1 288 049 055 -74.8 123 -167.1 -170.7
292 C 378 045 E 2876 -004 055 -584 622 1752 -57
293 E 899 062 P2 2917 041 055 -91.3 59.1 173.1 -67.6
204 V 647 074 P2 2925 008 055 -1279 156 -176.8 -62.6
2056 E 432 079 P2 2966 041 055 -759 994 -177.8 -61.7
206 L 1498 046 B3 298 014 055 -128 1495 -173.7 -76.3
297 P 123 033 B1 29.03 -0.77 055 -69.7 1308 -174.4 27
298 F 1876 042 B2 3035 132 055 -874 1079 1659 -60
299 | 143 034 B2 3142 107 055 -835 1255 1705 -173.1
300 C 456 052 P1 327 128 055 -927 -1353 -1723 -53
301 E 759 068 P2 3311 041 055 -1606 50.3 142
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Rat MBP Assessment Data
# R Ab Fp Env Score Acc Avg [0} v Amide 1

116 H 327 092 E -041 -041 0.34 -39.8 -1744 -65.2
117 E -1 -1 0 -041 0.34 -65.1 134 -172.6 -89
118 R 1127 0.79 P2 024 -017 034 -915 1106 -1736 655
119 M 160.8 043 B2 1 0.83 0.34 -1475 150.8 167.1 68.3
120 P 984 069 P2 044 127 034 -406 1462 -176.2 -36
121 F 1869 026 B1 14 267 034 -57.8 -397 1666 -167.6
122 8§ 201 069 E 034 301 034 618 -315 1624 -168.7
123 K 1 -1 0 3.01 034 693 -383 1684 -66.1
124 V 130 034 B2 066 367 034 -605 -456 168 -171.1
125 K 966 059 P2 047 414 034 -56.1 -455 166.1 -67.7
126 A 366 085 E 014 428 034 -586 -51.4 1736
127 L 943 05 P1 -033 395 034 -55 -496 1725 -171.9
128 C 56 032 P1 129 56524 036 643 -41.1 166.6 -64
129 S 239 087 E 034 558 0.36 83 -40.7 163.5 61.4
130 E 237 087 E 004 562 0.34 -57 -40.7 167 -70.4
131 L 593 068 P2 -068 494 033 -77.4 25.1 1776 -61.8
132 R 0 098 E -041 453 026 591 50.3 1784  -63.7

[133 G_ 196 085 E 1.1 563 0.26 -1749 -1425 -175.5 |
134 T 577 058 P2 008 571 023 -137.3 1699 176.9 50.6
136 V 1272 03 B1 1 6.71 0.2 -73 138.1 -164.1 -167.6
136 A 689 029 P1 049 72 0.19 -58 120 1774
137 | 1556 052 B3 -054 666 022 -1092 1076 158.3 -69.6
138 P 123 029 B1 059 725 024 -76.3 1022 161.9 30.5
139 R 991 074 P2 024 749 018 -70.5 -22 1786 -57.5
140 N 585 072 P2 051 8 0.13 -1414 1702 1775 70
141 A 233 075 E 014 814 0.15 -64 -33.9 1707
142 E 179 089 E 004 818 021 658 -401 1589 -167.2
143 E 991 064 P2 028 846 023 -558 -481 1781 -731
144 N 1196 037 B2 -056 79 019 -56.1 494 170.8 -157.6
145 K 1 -1 0 79 021 -599 445 1702 -65.5
146 A 198 071 E 014 8.04 021 -624- -459 173
147 |1 1416 032 B1 093 897 023 -651 414 1613 -63.3
148 Q 1171 057 B3 0.1 9.07 031 -491 -47.1 169.9 -176.5
149 E 41 -1 0 9.07 033 -631 -39.2 1676 -686
160 V 409 074 P2 -074 8.33 0.34 -64 427 1761 179
161 A 703 032 P1 049 882 028 -547 -584 1786

|152 K 576 096 P2 047 929 0.29 72 -50 154.1 -58.6 |
153 T 651 085 P2 0.08 937 025 -1106 1706 -168.8 -173.9
154 S 749 066 P2 017 954 024 -616 1222 -163.3 70.6
156 A 71 023 P1 049 1003 028 -1194 1468 170.5
16 F 189 038 B2 1.04 1107 033 -706 1282 1694 -825
157 L 154 021 B1 1.06 1213 033 -100.9 1569 175.9 -60
158 G 40 021 E 1.1 1323 0.34 -77 51.7 -171.5
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159 | 157 02 B1 093 1416 035 -1351 1083 -1686 -56.7
160 T 100 042 P1 055 1471 041 -1451 1482 163 68.2

161 D 1146 059 B3 -0.83 13.88 044 -90 497 1725 658

162 E 895 059 P2 028 1416 042 -786 -43.7 1784  -70

163 V 282 08 E -08 1336 045 -662 42 1681 1782
164 T 46.8 078 P2 008 1344 05 -1426 120 -1761 -55.9
165 E 8 086 P2 028 1372 047 -612 1321 -162.7 -169.7
|166 G 239 073 E 11 1482 05 967 -552 178.9 |
167 Q 488 077 P2 025 1507 045 -764 1035 1739 -694
168 F 1813 036 B2 1.04 1611 046 -71.8 1299 -169.9 -87

169 M 1155 069 B3 023 16.34 043 -1305 1421 1701 -67.6
170 Y 190.7 051 B3 125 1759 041 -70 1161 -1748 -546
171 V 1068 0.38 P1 -009 175 047 -625 -266 166.1 -57.4
172 T 688 059 P2 0.08 1758 053 -71.1 -295 1758 556

173 G 56 099 E 11 1868 0.51 1608 87.3 168.2

174 G 0 094 E 11 19.78 056 149.3 1711 165.7 o
175 R 139 088 E -041 1937 053 -858 1558 -172.1 723

176 L 1421 031 B1 106 2043 055 -676 988 1708 -1785
177 T 382 092 E 008 2051 052 -811 -47.7 1741 559

178 Y 1577 058 B3 .125 2176 053 -831 799 -175 1791

179 S 648 046 P1 059 2235 049 -847 76 -169.1 722

180 N 831 0.7 P2 051 228 054 -91.3 682 -1653 -168.6
181 W 2006 035 B2 162 2448 049 -964 1466 ~171.7 -70.8
182 K 1074 063 P2 047. 2495 055 -795 1739 -177.8 -156.5
183 K 0 099 E -01 2485 052 -589 1309 -172.1 -169.6
184 D 12 092 E 0.23 2508 049 68 213 176 -60.4
[185 E 1312 062 B3 -046 2462 05 -1232 137.9 5.1 -44.9 |
186 P 851 049 P1 064 2526 057 -89.7 1107 1717 334

187 N 814 076 P2 051 2577 055 -793 269 -1726 607

188 D 745 076 P2 051 2628 058 505 411 -158.4 -135.1
189 H 579 093 P2 02 2648 049 -987 1764 173.8 -155.5
[190 G 119 084 E 11 2758 046 704 -929 167.7 |
191 S 0 1 E 034 2792 046 -934 13 -161.3 735

[192 G 295 094 E 1.1 2902 043 919 - 80 179.5 |
193 E 1324 065 B3 -046 2856 038 -77.9 832 -168 -71.8
194 D 77.4 074 P2 051 29.07 043 -937 -65 -1765 -66.7
195 C 56 023 P1 129 30.36 044 -1171 1441 1759 -67.4
196 V 130 022 B1 1 3136 037 -791 1321 1689 1676
197 T 1103 034 P1 055 31.91 031 -124 1213 1725 447

198 | 156.3 044 B2 0.81 3272 031 -82 1232 170 -169

199 V 104 066 P2 -0.74 3198 027 -8 1657 1793 -66.3
200 D -1 -1 0 3198 025 -51.9 <31.3 1674 -721

201 N 639 069 P2 051 3249 021 -744 -121 1782 62.9

[202 G 379 075 E -11 3359 02 1129 -332 -178




203 L 109.8
204 W 234
205 N 906
206 D 1153
207 1 114.9
208 § 387
209 C 35
210 Q 17.1
211 A 359
212 S 436
213 H 1534
214 T 108.1
2156 A 66.1
216 V. 1139
217 C 39.9
218 E 705

0.73

0.32
0.57
0.37
0.64
0.73
0.37
0.82
0.76
0.62
0.45
0.37
0.23
0.37
0.41
0.84

P2
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-068 3291 0.17 -76.3 1554
096 33.87 022 -1025 130.1
0.51 3438 022 -936 1324
-1.97 3241 016 -743 1205
-0.54 31.87 009 -118.7 157.7
0.34 3221 0.08 -671 1215
-0.35 31.86 0.08 -52.7 -34.4
-0.03 31.83 0.08 -886 26.1

014 3197 0.08 -887 1522

017 3214 0.08 -78.3 106.9

054 3268 0.08 -1325 159.3
055 3323 0.08 -59.7 1334
049 3372 0.08 -90.2 88.7
-0.09 3363 0.08 -97.3. 1219
-0.35 33.28 0.08 -103.8 1414
028 3356 0.08 -93.3

-1867.4 -

166.7
160.4
177.6
164
-164.3
176.4
164.1
-176.2
170.6
-171.3
-173.3
179.6
178
169.1

-64.2
-63.6
177.4
65.3
-160.6
-172.1
-64.5
-63.6

-64.2
-75
-81.3

-176.2
-57.7
60
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Ab

36.7
52.8
150.3
86.4
185.8
17
65
71
70.1
17.7
141.9
56
66.8
26.7
96.2
69.3
2.3
151.3
154
102.6
57
156.3
41.2
72.5
90.3
37.1
91.7
1437
42.3
44.8
1315
90.7
18.1
63
118.9
8.3
115.4
74.9
38.1
57.2
165.6
179.6

Fp
0.92
0.92
0.54
0.53
0.67
0.38

0.8

0.77

0.22
0.47
0.86
0.54
0.39
0.78
0.9
0.73
0.67
0.93
0.59
0.41
0.43
0.41
0.33
0.92
0.67
0.8
0.93
0.73
0.38
0.92
0.78
0.2
0.44
0.87
0.69
0.34

0.63
0.49
0.8
0.68
0.63
0.37
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Human ESEL Assessment Data

Env Score Acc

E
E
P1
B3
P2
B2
E

P2

P1
P1
E
B3
P1
P2
E
)
P2
E
B3
B2
P1
P1
B2
P2
P2
P2
E
P2
B2
P2
P2
B1
P1
E
P2
B2
E
B3
P1
E
P2
B3
B2

0.08
0.04
0.49
0.23
0.08
0.86
0.44
0.62
0.76
0.47
0.44
0.5
0.95
0.62
0.29
0.56
-0.43
0.08
1.04
0.77
-0.09
0.49
0.81
0.25
0.51
0.66
06
0.62
0.55
0.62
-0.55
1.3
-0.58
0.16
-0.59
0.77
0.34
1.25
0.89
0.25
0.17
1.25
1.14

0.08
0.12
0.61
0.84
0.92
1.78
222
2.84
3.6
4.07
4.51
5.01
5.96
6.58
6.87
7.43
7
7.08
8.12
8.89
8.8
9.29
10.1
10.35
10.86
11.52
1212
12.74
13.29
13.91
13.36
14.66
14.08
14.24
13.65
14.42
14.76
16.01
16.6
16.85
17.02
18.27
19.41

Avg
0.42
0.42
0.42
0.42
0.42
0.42
0.42
0.42
0.42
0.42
0.42
0.44
0.48
0.46
0.48
0.5
0.49
0.5
0.5
0.49
0.44
0.48
0.43
0.39
0.34
0.36
0.35
0.43
0.45
0.42
0.39
0.45
0.48
0.52
0.55
0.58
0.62
0.63
0.62

0.51

0.5
0.55
0.49

¢.
-72.2
-127.4
-77.5
-153.4
-65.4
-54.5
-64.2
-63.9
-60
-59.1
-56.1
-60.2
-61.1
-65.5
-67.3
-85.8
-117.2
-164.2
-163.9
-65.2
-64.5
-95.3
-90.4
-77.9
-147.2
-60.7
-61.5
-64.5
-58.4
-50.2
-69.7
-568.3
-67.1
-87.5
-76.7
-85.1

-77.8

-61.7
-126.4
-65.6
-61.8
74.3
-127.1

Y
-170.7
137
103.8
167.4
152.3
-44.5
-34.9
-44.3
~-43.8
-48.7
-47
-50.7
-39.6

-40.7

-47.9
-45.1
-76.3
-68.4
175.1
145.9
123.9
115.1
106.4
-37.2
174.7
-29.4
-29.3
-43.3
-49
-60.2
-56.3
-47.4
-12.4
-51

-36.2
132.5
158.2
125.8
131.3
-11.5
-40.6
-176.6
127.3

AMIDE

63.3
-171.7
-175.9

177.5

-174

1721
159.6
178.2
166
169.4

170
173.5
165.8
176.9
175.7
-154.8

175

175

167.6
-160.1
1751
-179.4
174.3

171
174.2
172.4
162.2

167.7
168.6
169.1
179.6
167.7
168.5
-179.5
-177.3
176.9
174.9
161.4
170
154.5.
-176.3
-162.9
179.3

-169.7

66.4
68.5
-162.6
-63.7
-63.5

-167.3

-176.9
-68.2
-67.2

-175.4
-77.3
-62.2
-63.9

-142.6
-71.7
73.3

-63.5
-66.6
71.3
-61.4
-62.9
-76.2
624
-169.5
-180
-62.6
-1560.7
-58.6
-160.7
-58.1
-65.9
AT7.T .
-176.8
301
73.9
-563.6
-70.3
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Human ESEL_Assessment Data

1251

50 W 234 037 B2 162 21.03 056 -776 1762 -69.2
51 1 167 02 Bt 093 2196 057 -999 1556 -1756.3 67.3
52 G 40 04 E 11 2306 064 -86 688 1798
53 I 157 017 B1 15 2456 057 -1371 1342 1796 -1546
54 R 1568 062 B3 084 254 06 -130.2 1383 1792 -67.8
56 K 1401 0.73 B3 035 2575 057 -909 1181 1679 179.2
66 Vv 353 077 E -166 2409 054 -978 796 -176.3 -1794
57 N O 094 E 041 245 055 525 778 -1655 -165.5
58 N 36 094 E 041 2491 056 699 -302 -1749 -157.2
50 v 50 077 P2 008 2499 056 -807 982 1786 -177.8
60 W 2054 034 B2 083 2582 051 -785 1185 -177 -727
61 V 101.2 053 P1 044 2626 043 -1174 1279 1708 -179.2
62 w 2228 036 B2 083 2709 04 -71.8 1168 -177.5 -66.1
63 V 1012 063 P2 -074 2635 0.33 -73.7 -36 175.8 -64.4
64 G 365 024 E 11 2745 029 -66 -60.7 169.8
66 T 576 052 P1 055 28 023 -73.7 173 -173 58.3
66 Q 239 093 E -003 2797 026 635 62.8 -169.8 -62.9
67 K 519 091 P2 047 2844 036 -141.7 1449 1675 -714
68 P 563 063 P2 044 2883 036 -687 1598 -1781 319
69 L 1512 032° B1 1.06 2994 039 -682 1105 1745 1794
70 T 555 086 P2 008 3002 036 -762 144 173.2 63
71 Q@ 377 088 E 004 3006 036 614 -352 1634 -60.7
72 Q 458 091 P2 028 3034 036 -619 -221 - 164.1 69.9
73 A 71 06 P2 -025 3009 034 -847 -341 -1695
74 K 1014 064 P2 047 3056 036 -594 1056 -1799 -173.8
75 N 101 041 P1 -026 303 031 -1302 744 1792 -1634
76 W 2144 022 -B1 096 3126 027 -85 147 1671 -67.4
77 A 682 033 P1 049 3175 . 03 -67 1636  -177
78 P 346 075 E 025 32 029 664 110 -161.3  26.2
79 G_ 0 098 E 11 331 029 1119 -1256 -175.9
80 E 1332 0.7 B3 -046 3264 03 -107.3 1478 3.8 -71
81 P 998 045 P1 064 3328 036 -841 1238 176.1 31.7
82 N 523 096 P2 051 3379 035 -835 -385 -173.2 798
83 N 1003 074 P2 051 343 04 -847 1044 1776 -80.2
84 R 304 099 E -041 3389 048 -734 -242- 1713 -704
86 Q 28 092 E -003 338 0.5 -79 1511 172 1741
86 K 19.1 1 E -01 3376 051 -621 1327 -166.8 -172.7
87 D 50.3 0.89 P2 051 3427 0.5 68.5 -9.6 149.1  -69.3
88 E 1104 065 P2 028 3455 048 -889 -8.9 173.6 -58.6
89 D 992 062 P2 051 3506 046 -74.8 -0.8 -1686 707
90 C 56 03 P1 128 36.34 043 -791 1241 -1596 -69.8
91 V 130 026 B1 1.18 37.52 041 -964 1235 1641 -177
92 E 1441 044 B2 -02 37.32 044 -889 1368 1675 71.2
93 | 157 02 B1 15 3882 042 -96 1304 -177.2 -170.5




124

APPENDIX D
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94 Y 1749 058 B3 125 4007 044 -828 76.8 -1749 -684
95 | 157 03 B1 093 41 046 -691 1198 1784 -62.6
9% K 1184 071 B3 0.08 41.08 043 56.1 388 -1721 -64.5
97 R 1448 056 B3 071 4179 042 -926 1449 1676 -168.9
98 E 294 083 E 0.04 4183 041 -62 -50 1756 765
99 K 40 092 E -01 4173 045 -1102 1134 1785 -72

100 D 734 045 P1 0.34 4207 045 756 70.5 1775 -54.7
101 V_675 085 P2 -074 4133 039 -76.1 1268 -173.2 676

{102 G 372 025 E 11 4243 0.35 737 2.3 -167.9

103 M 116 068 B3 023 4266 037 -946 161 -168.5 -68.6
104 W 234 021 B1 092 4358 03 -101.8 140 173.3  -64.1
105 N 106.5 0.68 P2 0 4358 027 -1342 1238 1766 -178.8
106 D 113.3 048 P1 -0.61 4297 028 -834 1252 -161.3 828
107 E 118 068 B3 -042 4255 034 -136 1632 171.3 -176.3
108 R 843 087 P2 024 4279 034 628 1326 1783 -1656
109 C 42 047 P1 129 4408 0.34 -541 -365 1793 -75.8




Human ESEL
# R Amide
7 T
8 E -171.7
9 A -175.9
10 M 1775
11 T -174
12 Y 1721
13 D 159.6
14 E 1782
15 A 166
16 S 1694
177 A 170
18 Y 1735
19 C 165.8
20 Q 176.9
21 Q 1757
22 R -154.8
23 Y 175
24 T 175
26 H 167.6
26 L -160.1
27 V 1751
28 A -179.4
29 | 1743
30 Q@ 171
31 N 174.2
32 K 1724
33 E 162.2
34 E 167.7
3 | 168.6
36 E 169.1
37 Y 1796
38 L 1677
39 N 168.5
40 S -179.5
41 | -177.3
42 L 1769
43 S 174.9
44 Y 1614
45 S 170
46 P 1545
47 S -176.3
48 Y -162.9
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Dihedral Angle Assessment Data

Rat MBP GHA Model

# R Amide # R Amide
116 H 191 A

117 E -1726 192 E -167.8
118 R -173.6 193 K 178.1

119 M 167.1 194 A -170.5
120 P -176.2 195 V -178.6
121 F 166.6 196 Y 166.1

122 S 1624 197 A 1614

123 K 168.4 198 E -176.1

124 V 168 199 A 1729

125 K 166.1 200 A 1697

126 A 1736 201 R 173.5

127 L 1725 202 Vv 1701

128 C 166.6 203 C 1619

129 § 163.5 204 R 167.2

130 E 167 205 S 178

131 L 1776 206 E -171.3
132 R 1784 207 N -179.3
133 G -1755 208 A -168.2
134 T 1769 j209 T -142.3]
135 V -164.1 210 L -173.6
136 A -1774 211 A -175.3
137 1 158.3 212 V 165.1

138 P 161.9 213 P -1755
189 R 1786 214 D -175.2
140 N 1775 215 T 176.2

141 A 1707 216 W 170

142 E 1589 217 D 163.8

143 E 1781 218 R 168.8

144 N 170.8 219 V 1683

145 K 170.2 220 E 1747

146 A 173 221 T 164.9

147 | 1613 222 L 1706

148 Q 169.9 223 L 169

149 E 1676 224 R 169.9

150 V 176.1 225 L -176

161 A 1786 226 L 1634

162 K 1541 227 E -176.5
153 T -168.8 228 P -170.9
154 S -163.3 229 K -168

165 A 1705 230 E 170.2

156 F 1694 231 E 167.2
157 L 1759 232 F -171.2




126

APPENDIX E

Dihedral Angle Assessment Data

49 Y 1793 158 G -171.5 233 Y -173.9
50 W 175.2 159 | -168.6 234 L -176.6
51 | -175.3 160 T 163 235 T 164.6
52 G 179.8 161 D 1725 236 G -168
53 | 1796 162 E 1784 237 F -1572
54 R 179.2 163 V 168.1 238 T -179.2
56 K 167.9 164 T -176.1 239 D -168.8
56 V -176.3 166 E -162.7 240 E 1774
57 N -165.5 166 G 178.9 241 A -179.7
58 N -174.9 167 Q 173.9 242 'V 1723
59 V 1786 168 F -169.9 243 E -1636
60 W 177 . 169 M 17041 244 G -179.9
61 V 170.8 170 Y -174.8 245 D -178.9
62 W -177.5 - 171 V. 166.1 246 F 1711
63 V 1758 172 T 1758 - 247 vV 1781
64 G 1698 173 G 1682 248 T -178.7
65 T 173 174 G 165.7 249 E 1702
66 Q -169.8 176 R -1721 250 T -1775
67 K 167.5 176 L 170.8 251 G -166.9
68 P -178.1 177 T 1741 252 R 159.9
69 L 1745 178 Y 175 253 H 1796
70 T 173.2 179 8§ -169.1 254 L 1671
71 Q 1634 180 N -165.3 255 K -157
72 Q 1641 181 W 1717 256 G -177.9
73 A -169.5 182 K -177.8 257 M 1715
74 K -179.9 183 K -1721 258 E 1637
75 N 179.2 184 D -176 259 F 161
76 W 167.1 185 E 5.1 260 Q@ 171
7oA 7T 1186 P 171.7 | 261 V -176.2
78 P -161.3 . 187 N -172.6 262 W 160.1
79 G -175.9 188 D -15684 © 263 § -1782
80 E 3.8 - 189 H 173.8 264 P -159.4
81 P 176.1 | 190 G 167.7 2656 G 176.2
82 N -173.2 191 8§ -161.3 266 E 7.1
83 N 1776 192 G 1795 . |267 P -164.9 |
84 R -171.3 193 E -168 268 N 1753
86 Q 172 194 D -176.5 269 N -171.5
86 K -166.8 1956 C 1759 270 D 178.9
87 D 1491 | . 196 V  168.9 271 VvV -171.9
88 E 1735 197 T 1725 272 D -176.3
89 D -168.6 198 | 170 273 G -178.2
90 C --150.6 199 -V 179.3 274 K -175.8
91 V 1641 200 D 1674 275 P -169.6
92 E 1675 201 N 1782 276 E -170.2




93
94
95
96
97
o8
99
100
101
102
103
104
106
106
107
108
109

OXIMOZSEN<<OTOXRMIOR—< —

-177.2
-174.9
178.4
-172.1
167.6
175.5
178.5
-177.5
-173.2

-167.9 .

-169.5
173.3
176.6

-161.3 °

171.3
178.3
179.3

202
203
204
205
206
207
208
209
210
211
212
213
214
215
216
217
218
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Dihedral Angle Assessment Data

MOKP>AIN>»O00N—-—0OZSr®

-178
-167.4
166.7
160.4
177.6
164
-164.3
176.4
164.1
-176.2
170.6
-171.3
-173.3
179.6
178
169.1

277
278
279

280

281
282
283
284
285
286
287
288
289
290
291
292
293
294
295
296
297
298
299
300

3071

MO —TMUOUrM<mMmONITOO<X<OdIIOLTI>I>Pr-Oo=z

166
162.3
173.2

176

-172.9
162.6
163.8

167

1747

-159.1
169.6
176.8

-162.8

-179.7

-167.1
175.2
173.1

-176.8

177.8

1737

174.4
165.9
170.5
172.3
772







