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ABSTRACT

The carbohydrate nature of the lectin GHA was studied using Western Blotting*
(Concanavalin A as a carbohydrate indicator) coupled with Amido Black staining 

(as a protein indicator). GHA is composed of two molecules: GHA la and GHA 

lb used in Western Blotting and Amido Black staining. In the presence of 

Concanavalin A, non-deglycosylated GHA la and lb produce bands. Upon 

cleavage by PNGase F, GHA la and lb show an Amido Black band and the

absence of a Concanavalin A-sensitive band. These results show GHA to be an

N-linked glycoprotein whose carbohydrate has a mass of ~ 2500 Da (~10 hexose 

units). Unexpected results indicated that reduced GHA la and lb contain a 

carbohydrate-rich doublet. This Concanavalin A-sensitive doublet disappeared 

upon deglycosylation, implying covalent linkage. Amido Black does not stain the

doublet. Peak 3 and Pre a are not related to the GHA la and lb doublet. Peak 2

showed a carbohydrate-rich doublet that runs faster than the GHA la and lb

doublet. The doublet found for Peak 2 is also not sensitive to Amido Black

staining. Further data are needed to determine the source of the carbohydrate-rich

GHA la and lb doublet and its effects.

*
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INTRODUCTION

The invertebrate immune response differs from that of vertebrates in that there are 

no antigen-specific antibodies in the invertebrate response. Insect hemolymph consists of 

blood cells, or hemocytes, in a fluid plasma. Additionally, a mix of reactive molecules, 

peptides, proteins, and cells involved in immune response exists in the hemolymph 

(Wenzlick 1997). Among the humoral immune reactions characterized are the following: 

inducible antibacterial peptides, lectins, prophenoloxidase and hemolymph coagulation 

cascades, and humoral encapsulation (Wenzlick 1997). Earlier experimentation has shown 

that insect lectins may play roles in adhesion and recognition as well as phagocytosis and 

encapsulation (Stebbins & Hapner 1985). Many of the more recent advances in the study

of invertebrate immunity can be found in Ratcliffe et al. (1985).

This research was performed in the lab of Dr. Ken Hapner at Montana State

University in Bozeman. The lectin studied in this work is designated GHA (Grasshopper

Agglutinin). GHA was previously isolated from hemolymph of the grasshopper

Melanoplus differ entialis and demonstrated indirectly to be an N-linked glycoprotein.

Lectins play a role in the recognition of cells or molecules as foreign, or non-self, and are

widespread in both eukaryotes and prokaryotes (Stebbins & Hapner 1985). GHA has been 

shown to be a calcium dependant (type C) lectin, a family of lectins thought to play a part 

in cell adhesion and antigen presentation (Wu et al. 1996). The mechanism for the

Ik response of GHA to foreign cells may be to recognize and bind to carbohydrates on the

surface of non-self cells and surround them, thus promoting their uptake by phagocytosis
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(Stebbins & Hapner 1985).

* The GHA protein is composed of two very similar dimeric molecules (GHA la and

GHA lb) with molecular weights measured by MALDI/TOF-MS (Matrix Assisted Laser 

Desorption Ionization) at 72 kDa and measured by SDS-Page at 62.6 kDa (Wenzlick 

1997). Upon reduction, the GHA monomers have been measured at 36.1 kDa on 

MALDI/TOF-MS and 36.9 kDa on SDS-Page (Wenzlick 1997). There is thus far no 

explanation for the separation of GHA la and GHA lb via reverse phase HPLC.

However, other work using MALDI/TOF-MS has suggested that elutions from intact cells 

are not monomeric, but instead oligomers composed of covalently cross-linked monomers 

(Kieliszewski & Orlando 1996). GHA la and lb are used in this research instead of the

entire GHA protein.

Previous laboratory work showed that upon enzymatic cleavage of the

carbohydrate moiety, GHA on SDS-Page exhibits a 2500-2800 Da mass difference from

non-deglycosylated GHA (Wenzlick 1997). This is indirect evidence that GHA is indeed

a glycoprotein. The purpose of this work was to confirm the carbohydrate nature of GHA

in more direct terms than a mass difference. The Western Blotting technique employed a

biotinylated Concanavalin A (Con A) probe for the carbohydrate of GHA, ultimately

producing a colored band indicating the presence of a glycoprotein. If GHA is in fact a

glycoprotein, then deglycosylation of GHA by PNGase F (Peptide N Glycosidase F)

4- should result in the absence of the Con A band. To verify that the absence of a Con A

band for GHA in the presence of PNGase F is due to deglycosylation and not destruction
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of the protein, Amido Black (a protein specific stain) is used. This further elucidation of 

H the structure and properties of the GHA protein, specifically any constituent carbohydrate,

will aid in understanding the role it plays in the invertebrate immune response.

The goals of this project included performing a successful SDS-Page of GHA,

standard proteins, and possible candidates for control proteins to be used in the final 

deglycosylation experiment. Also, optimizing the preparation of samples for Western 

Blotting including reduction (BME) and deglycosylation (PNGase F) was an objective. 

With respect to the Western Blotting, the experimental goals were to complete successful

transfer of protein from polyacrylamide gel to PVDF membrane. A further goal was to

optimize Con A-Biotin/Avidin HRP/4-Cl-l-Napthol incubation as well as Amido Black

staining/destaining. The objectives for determining glycoprotein character were to apply

the optimized Western Blotting technique to demonstrate the absence of a Con A-sensitive

band for deglycosylated GHA. Then, obtain a positive protein band for deglycosylated

GHA with Amido Black staining. This deglycosylated band for GHA should be at lower

molecular weight, the difference being the released carbohydrate.
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MATERIALS AND METHODS

f
SDS-Page

SDS-Page (Sodium Dodecyl Sulfate Polyacrylamide Gel Electrophoresis) was 

used to separate the protein samples by molecular weight. All GHA la and GHA lb 

samples purified by HPLC were dried in a Speedvac Concentrator. Laemmli sample

buffer was then added to create a workable volume (~15 pi per well). Other protein

samples (protein standards and control proteins) were not dried. Laemmli buffer was

added in a 2:1 buffer to sample ratio. Protein standards were heated at 45° C for 5 min to

increase clarity of bands upon electrophoresis. After addition of Laemmli buffer, all

samples were vortexed, centrifuged, and heated in a water bath for 5 min at 95 °C. After 

cooling, the samples were centrifuged again.

GHA protein samples were prepared by first denaturing the proteins by the

addition of 10 pi of 0.5% sodium dodecyl sulfate to 10 pi of HPLC purified GHA protein

samples. In experiments in which the proteins were run in reduced form, (3-

mercaptoethanol (BME) was added to this reaction mixture in the form of 1 pi BME and

5X incubation buffer (100 mM Sodium Phosphate, pH 7.5, with 250 mM EDTA and

0.02% NaN3 ). This reaction mixture containing GHA, SDS, BME, and buffer was

vortexed and centrifuged, then boiled for 3 min, cooled on ice (~4 min) and centrifuged

I* again. Four pi of 10% n-octoglucoside were added to the reaction mixture as an

additional detergent. The vortex, centrifuge, heat, cool, centrifuge step was repeated. For
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the preparation of deglycosylated protein samples, 2.5 pi of PNGase F (0.5U/pl) were then 

added to specifically cleave N-linked carbohydrates. This final reaction mixture was 

vortexed, centrifuged, and incubated in a 25 °C water bath for 30 hr.

The samples were deposited with a 100-pl Hamilton syringe into the 50-pl wells of 

Bio-Rad 10% Tris HC1 Ready Gel assembled in the Bio-Rad Mini-Protean II 

Electrophoresis Cell apparatus. Bio-Rad pre-mixed Running Buffer (10X 

Tris/Glycine/SDS) was used after being diluted tenfold. All samples were run at a 

constant voltage of 150 V for ~40min. The current at the start of the electrophoretic

transfer was 40 mA and ended at ~19 mA.

After the samples were run, the gel was removed from the apparatus and placed in

0.125% Coomassie Blue (40% MeOH, 10%HOAc) for 30 min. The excess stain was

poured off and the gel was washed with dH2O (deionized H2O) briefly. Next, the gel was

placed in Destain I solution (40% MeOH and 10% HO Ac) for 1 hr. Finally, the gel was

placed in Destain II solution (5% MeOH, 7% HO Ac) overnight. After ~24 hr, the gel was

removed from Destain II solution and placed in 5% glycerol for 20 min. The gel was then

placed on filter paper and dried in a Bio-Rad Gel Drying Apparatus at 80 °C for 2 hr and

15 min.

Electrophoretic transfer

The protein that was separated with SDS-Page was then transferred, using an 

electric field, onto a PVDF (polyvinylidene difluoride) membrane with the following
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procedure. After SDS-Page, the polyacrylamide gel was removed from the cassette and 

g equilibrated in blotting buffer (25 mM Tris, 192 mM glycine, 20% v/v MeOH, pH 8.3) for

30 min. The PVDF membrane was cut to the size of the gel (8.5 cm x 10 cm) and soaked 

for -2 min in MeOH. At all times, the PVDF membrane was handled with gloves or 

forceps. Membrane, filter papers (cut to the size of the gel), and filter pads were soaked 

in blotting buffer until equilibrated (-20 min). A Bio-Rad Mini Trans-Blot

Electrophoretic Transfer Cell apparatus was used. Blotting buffer was at 4 °C at the 

beginning of transfer. The transfer was run at a constant 100 V for 1 hr. The current at the

start of the transfer was at -180 mA and ended at -240 mA. Following transfer, some

membranes were split, one-half being subjected to Amido Black staining and the other to

Western Blotting.

Amido Black staining

PVDF membranes, after transfer, were stained in a solution of 0.1% Amido Black,

10% HO Ac, 25% isopropanol. The membrane was soaked in -25 ml Amido Black

solution for -3 min, and then de-stained in 25% isopropanol, 10% HO Ac.

Western Blotting

The proteins were labeled with a series of probes (immunoblotting). First, the 

> protein was embedded in the membrane. Then, Concanavalin A-Biotin was added and

would bind to carbohydrate moieties on any of the embedded proteins. Next,
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StreptAvidin-Horseradish Peroxidase was added. The Avidin recognizes and binds to the 

H Biotin. Next, 4-Cl-l-Napthol substrate solution was added, reacting with the bound

enzyme Horseradish Peroxidase (HRP) catalyzing a reaction which results in a colored 

reaction product. This colored reaction product will produce a band only where HRP is 

present, ultimately marking the presence of the protein with carbohydrate by the presence

of a black band.

The following illustrates the layering effect that brings about the Con A-sensitive

band:

Membrane
II

Proteins
II

Con A - Biotin
II

StreptA vidin-HRP
II

Substrate (4-C1-1 Napthol)

To create the Con-A sensitive band, the PVDF membrane was first blocked in Tris Tween

(Tris 0.02 M, Tween 20 0.2%, 0.25 M NaCl, pH 7) overnight. It was then incubated in a

solution containing 5 pi of Con A Biotin (diluted lOOOx to 5 pg/ml) and 25 ml Tris

Tween. A total volume of 30 ml was obtained with a final Con A Biotin concentration of

0.001 pg/ml. The membrane was then washed in 50 ml of Tris Tween for 20 min,

repeated three times equaling a total of 1 hr of washing. Next, the membrane was

incubated in a solution containing 5 pi of Avidin HRP (diluted 2500x to 2 pg/ml) and 25

7



ml of Tris Tween. This mixture produced a 30-ml solution containing a final Avidin HRP 

concentration of 0.0005pg/ml. The membrane was then washed again in 50 ml Tris 

Tween for 20 min, repeated three times. Following this Tris Tween washing, the 

membrane was washed in dH2O for ~10 min. Next, enough substrate was added to cover

membrane and the membrane was incubated in the substrate until banding occurred. The

substrate was comprised of the following: 5 ml 3 pg/ml 4-Cl-l-Napthol in MeOH, 20 ml

0.01 M Tris 0.15 M NaCl pH. 7.5, and 5 pi 30% H2O2. Once banding had occurred, the

reaction was terminated by placing the membrane in dH2O. The membrane was stored in

dH2O.

>
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RESULTS & DISCUSSION

♦
SDS-Page of native GHA la and GHA lb

Fig. 1 Lanes:

1. Blank buffer
2. GIBCO BRL standards
3. Bovine Serum Albumin
4. Fetuin
5. Ovalbumin
6. RNase B
7. GHAla(SS)
8. GHA lb(SS)
9. GIBCO BRL
10. Blank buffer

1 2 3 4 5 6 7 8 9 10

Fig. 1. Coomassie Blue stained SDS-Page of
standard proteins, control proteins and non- 
reduced (SS) fractions of the lectin GHA.

GHA la and GHA lb native proteins show bands at ~66 kDa. BSA (Bovine

Serum Albumin) (Fig.l, Lane 3) shows a band at 66.4 kDa and some aggregate binding 

due to too large a protein load. The Fetuin band was blurred. RNase B ran even with the

dye line (Fig.l, Lane 6). The most dense and well-defined band for Ovalbumin (Fig.l,

Lane 5) is at 43.0 kDa. GIBCO BRL standards (Lanes 2 & 9) show smeared banding due

to insufficient heating.
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Deglycosylation of Ovalbumin and successful transfer of GHA

10 987 654 32 1
Fig. 2. Western Blot and Amido Black staining of non-reduced (SS),

deglycosylated (D) and non-deglycosylated (non-D) Ovalbumin, and 
non-reduced, non-deglycosylated BSA, standard proteins, and 
fractions of the lectin GHA.

Fig. 2 Lanes:
Lanes 1-6:Western Blot 
Lanes 7-10: Amido Black stain
1. GIBCO BRL standards
2. Ovalbumin (non-D & SS)
3. Ovalbumin (D & SS
4. GHA la(SS)
5. GJAlb(SS)

6. BSA
7. Kaleidoscope standards
8. Ovalbumin (D & SS)
9. BSA

10. GIBCO BRL standards

*
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TABLE 1. Tabulation of Fig. 2 results
SAMPLE LANE(S) WESTERN

BLOT
AMIDO
BLACK

M.W. (kDa)

BSA (SS) 6&9 - + 66.40
Ovalbumin 
(D & SS)

3&8 + 43.00

Ovalbumin 
(non-D & SS)

2 + 43.00

GHA la(SS) 4 +
+

66.40
34.00

GHA lb(SS) 5 +
+

66.40
34.00

(+) indicates that banding occurred; (-) indicates that banding did not occur

TABLE 2. Western Blotting and Amido Black staining of GIBCO BRL standard proteins

STANDARD
PROTEIN

WESTERN
BLOT

AMIDO
BLACK

M.W. (kDa)

Phosphorylase
B

+ + 97.40

BSA + 66.43

Ovalbumin + + 43.00

Carbonic
Anhydride

+ + 29.00

lactoglobulin
+ 18.40

Lysozyme + + 14.30

These results apply to GIBCO BRL standards (cf. Fig. 1-4, Fig.6)
(+) indicates that banding occurred; (-) indicates that banding did not occur
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Deglycosylation of GHA demonstrated by Western Blotting and Amido Black 
staining

123 4 56 789 10

Fig. 4. Amido Black staining of
reduced, deglycosylated and 
non-deglycosylated Ovalbumin 
and fractions of the lectin 
GHA.

123 456 7 89 10 
Fig. 3. Western Blot of reduced, deglycosylated

and non-deglycosylated Ovalbumin 
and fractions of the lectin GHA.

Fig. 3 and Fig. 4 Lanes:
1. Kaleidoscope standard
2. Blank buffer
3. GHA la SH& non-D
4. GHA laSH&D
5. GHA lb SH & non-D

6. GHA lbSH&D
7. Ovalbumin SH & non-D
8. Ovalbumin SH & D
9. Blank buffer

10. GIBCO standard

*
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TABLE 3. Tabulation of Fig. 3 and Fig. 4 results
SAMPLE LANE (S) WESTERN

BLOT
AMIDO
BLACK

M.W. (kDa)

GHA la 3 + - 34.00
(SH & non-D) + - 36.00

+ + 39.20
GHA lb 

(SH & D)
4 + 39.20

GHA lb 5 + - 34.00
(SH & non-D) + - 36.00

+ + 39.20
GHA lb 

(SH & D)
6 + 39.20

Ovalbumin 
(SH & non-D)

7 + + 43.00

Ovalbumin 
(SH & D)

8 + 43.00

(+) indicates that sanding occurred; (-) indicates that banding did not occur

Investigation into appearance of additional doublet in reduced, non-deglycosylated 
GHA

Fig. 5. Western Blot and Amido Black staining of reduced, 
non-Deglycosylated Pre a, Peak 2, Peak 3, and 
fractions of the lectin GHA.

12345 6789 10

Fig. 5 Lanes:
Lanes 1-5: Western Blot 
Lanes 6-10: Amido Black
1 & 6 GHA la SH
2 & 7 GHA lb SH
3 & 8 Pre a SH
4 & 9 Peak 2 SH 
5& 10 Peak 3 SH

a
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TABLE 4. Tabulation of Fig. 5 results

SAMPLE LANE (S) WESTERN
BLOT

AMIDO
BLACK

M.W. (kDa)

GHA la 1 &6 + - 34.00
(SH) +

+ +
36.00
39.20

GHA lb 2&7 + - 34.00
(SH) +

+ +
36.00
39.20

Pre a 
(SH)

3&8

Peak 2 4&9 + - 33.00
(SH) +

+ +
36.00
39.20

Peak 3 
(SH)

5& 10 + + 33.00

(+) indicates t rat banding occurred; (-) indicates that sanding did not occur

Fig. 6 Lanes:
Lanes 1-5: Western Blot 
Lanes 6-10: Amido Black 
1 .Novex standards 
2&6GHA la(SS)
3 & 7 GHA lb (SS)
4 & 8 Peak 2 (SS)
5 & 9 Peak 3 (SS)
10. GIBCO BRL standards

123456789 10
Fig. 6. Western Blot and Amido Black staining of non-reduced,

non-Deglycosylated Peak 2, Peak 3, and fractions of the 
lectin GHA.
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a
TABLE 5. Tabulation of Fig. 6 results

SAMPLE LANE (S) WESTERN
BLOT

AMIDO
BLACK

M.W. (kDa)

GHA la 
(SS)

2&6 + + 66.00

GHA lb 
(SS)

3 &7 + + 66.00

Peak 2 
(SS)

4&8 + + 66.00

Peak 3 
(SS)

5&9 +
+

+
+

55.40
66.00

(+) indicates that banding occurred; (-) indicates that sanding did not occur

Establishment of Western Blot (Con A) Band

SDS-Page of GHA la and GHA lb (Fig.l) yielded data consistent with results 

previously obtained of a band at 66.4 kDa. In the interest of running a final 

deglycosylation experiment with protein controls, several protein control candidates were

run on SDS-Page (Fig. 1) and in subsequent Western Blotting experiments. These protein

control candidates were Ovalbumin, Fetuin, RNase B, and Bovine Serum Albumin (BSA).

RNase B (Fig.l, Lane 5) ran even with the dye line which indicated that it is too small to 

be effectively run on a 10% SDS polyacrylimide gel. RNase B was therefore not chosen 

as a protein control. Fetuin (Fig. 1, Lane 3) did not produce a distinct band and in 

subsequent experiments was shown to run anomalously on SDS-Page. As a result of these 

findings, Fetuin was not chosen as a control for the final deglycosylation experiment.
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BSA (Fig. 1, Lane 3) produced a band at 66.4 kDa. BSA showed blurred bands near the 

£ top of the lane, which indicated that too much protein was loaded onto the gel. In

subsequent experiments, the BSA protein load was reduced and this blurring disappeared.

BSA is not a glycoprotein, and therefore will not show a Con A-sensitive band. As a 

result, BSA was chosen as an internal positive control. Ovalbumin showed a well-defined 

band at 43.0 kDa (Fig.l, Lane 5). Ovalbumin is a glycoprotein, and will thus bind Con A,

serving as an internal negative control. In addition, Ovalbumin is an N-linked 

carbohydrate and can be used as an internal control for deglycosylation by

PNGase F.

After the first successful transfer of proteins for Western Blotting and Amido

Black staining (Fig. 2), it became clear that the Western Blotting (Con A) technique was

significantly more sensitive than Coomassie Blue (Fig. 1) or Amido Black staining.

Sample size loaded into the wells was reduced to -30% of what was placed on Amido 

Black because of the extreme sensitivity of the Western blotting procedure.

Deglycosylation

Carbohydrate is normally attached to proteins at Asn (N-linked) or Ser (Thr) (O- 

linked). PNGase F is an enzyme that cleaves the Asn-carbohydrate covalent linkage and

releases the carbohydrate from the glycoprotein. These experiments were carried out to 

gi confirm the carbohydrate character of GHA.

Deglycosylation of a protein that is N-linked and sensitive to Con A should result

16



in the disappearance of the Con A band for that protein. Native Ovalbumin has a protein 

component and a carbohydrate component. Ovalbumin is N-linked and was used as a trial 

run for this procedure which would ultimately be used on GHA la and lb. Ovalbumin 

was first deglycosylated by PNGase F. This deglycosylated Ovalbumin sample was then 

subjected to Western Blotting (Con A) and Amido Black staining. This deglycosylation 

was successful as is illustrated by the fact that deglycosylated Ovalbumin showed no Con

A-sensitive band (Fig. 2, Lane 3). This absence of Con A binding is an indication that the 

deglycosylation worked and that Ovalbumin is a glycoprotein. The same deglycosylated 

Ovalbumin sample did show a band at 43 kDa with Amido Black staining. This result 

would be expected as Amido Black stains the protein of Ovalbumin, not the carbohydrate.

Banding in Amido Black stain remained despite the removal of the Ovalbumin 

carbohydrate. Staining in Amido Black in addition to Con A provided verification that, 

after deglycosylation, the protein Ovalbumin itself was still present, although lacking

carbohydrate.

Deglycosylation of reduced GHA was demonstrated by Western Blotting and

Amido Black staining (Fig. 3 & Fig. 4). The deglycosylated GHA in Lanes 4 & 6 of Fig.

3 showed disappearance of all bands that appeared in the non-deglycosylated GHA

samples in Lanes 3 & 5. The light band running at 35.0 kDa is a band representing the

enzyme PNGase F whose mass is 35.0 kDa. Deglycosylated Ovalbumin is included as a 

£ control (Fig. 3 & 4, Lane 8). Fig. 4 shows Amido Black staining of non-deglycosylated

GHA la & lb (Lanes 3 & 5) which runs at 39.2 kDa. Deglycosylated GHA la & lb
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(Lanes 4 & 6) in Fig. 4 showed a band at -36.7 kDa, the difference being -2500 Dalton 

units (-10 hexose equivalents). This mass difference between non-deglycosylated and 

deglycosylated GHA is consistent with previous work (Wenzlick, 1997).

A band was seen for deglycosylated GHA in Amido Black (Fig. 4, Lanes 4 

& 6), and the same deglycosylated GHA sample shows no band for the Western Blot (Fig. 

3, Lanes 4 & 6). From this comparison, it can be concluded that the negative Con A result

is not because the GHA protein itself has been destroyed, but because no carbohydrate is

present on the GHA protein. Therefore, it is concluded that GHA la & lb are N-linked

glycoproteins.

Unexpected Low Molecular Weight Reduced Double Bands for GHA

A doublet at 36 kDa and 34 kDa first appeared when GHA was subjected to

Western Blotting under reducing conditions (Fig. 3). An experiment was then run that

ruled out the possibility that this doublet represented a contaminant unique to the 

experimental preparation in Fig. 3. Another notable aspect of this first reduced GHA

experiment is found in Fig. 4. Fig. 4 is Amido Black staining of the same reduced GHA

run in the Western Blot (Fig 3). The doublet that appears in the Western Blot preparation

(Fig. 3) was not stained by Amido Black . This disparity is not in differing preparation of 

reduced GHA samples because the same reduced GHA la and lb samples were run—they 

were just split between the two SDS gels. The presence of the doublet in Western Blot 

and its absence in Amido Black also can not be due to more protein being loaded onto the

18



gel for the Western Blot. This is because my procedure was to add 2x the protein sample 

to the Amido Black destined gel than to the Western Blot destined gel.

To return to discussion of the Western Blot in Fig. 3, the doublet in GHA la 

appears to be much more intense than in GHA lb. This is an unexpected finding since the 

HPLC fractions of GHA lb have always stained more intensely than GHA la. The next 

experiment that was run (Fig. 5) also showed the doublet in GHA la to be more intense 

than that of GHA lb. Previous data obtained using techniques less sensitive than Western 

Blotting have shown GHA la and lb to be indistinguishable (Fig.l, Lanes 7 & 8 and Fig. 

2, Lanes 4 & 5). However, GHA la and lb separate in HPLC. This separation has been 

thought to be due to differing carbohydrate contents between GHA la and lb. The fact

that Western Blotting picks up this doublet while Amido Black does not implies that this

doublet is carbohydrate-rich. Perhaps this doublet is the basis for the separation of GHA

in HPLC into la and lb.

Keeping in mind that the HPLC traces are of non-reduced GHA, I set about to

determine if the doublet could have its source in Peak 2, Peak 3, or Pre a which are other

HPLC-separated fractions of GHA. Fig. 5 shows Pre a, Peak 2, and Peak 3 under reducing 

conditions. Pre a shows no band in either Western Blotting or Amido Black staining.

Peak 2 shows a doublet, but a doublet that appears to run faster than the GHA doublet.

Possibly separation of Peak 2 in HPLC is due to this faster running band. Peak 3 shows 

no doublet, only a single band running even with the fastest running Peak 2 band.

What these reduced Peak 2 and Peak 3 results mean is difficult to determine, but
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there are some potential explanations. Based on the proximity of separation of Peak 2 to

GHA lb in HPLC, it is possible that Peak 2 is contaminated with GHA lb. A band

running at the characteristic GHA reduced position is seen in Peak 2. Like the GHA 

doublet, the faster-running doublet in Peak 2 shows no bands in Amido Black. Following 

this reasoning, Peak 3 would not be considered to be contaminated with GHA lb. The 

fact that the Peak 3 band is sensitive to Amido Black supports the idea that it is unrelated

to the GHA doublet.

One further experiment was done running GHA la, lb, Peak 2, and Peak 3 under 

non-reducing conditions. The purpose of this experiment was simply to obtain more data 

on Peak 2 and Peak 3 in comparison with GHA. The GHA doublet has already been 

shown only to appear under reducing conditions. The Peak 2 doublet does not appear

under non-reducing conditions as shown in Fig. 6, Lane 4. Peak 2 does show a band 

running even with the non-reduced GHA. Peak 3 has a band at 55.4 kDa, which is quite

different from GHA. It can be concluded from these data that the source of the GHA

doublet is not Peak 3. In addition, the data show that Peak 2 has a related doublet, but

these data do not indicate Peak 2 as the source of the GHA doublet either.

Future work to reveal more of the GHA structure may involve obtaining new

samples of Melanoplus differentialis hemolymph. From this hemolymph, non-fractioned

GHA can be tested using Western Blotting. This experiment could determine whether the

doublet seen in the fractions of GHA in Western Blotting under reducing conditions is 

present before fractionalization. Also, an alternative method from Amido Black could be
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used in conjunction with Western Blotting . If a more sensitive protein stain were used, 

possibly the doublet, which in this work was only visualized in a Western Blot, would 

become visible to protein staining. This result would provide information about whether 

or not the GHA doublet is, in fact, carbohydrate-rich. These additional data would

contribute to the definition of the structure of GHA, which in turn would allow for

determination of how the structure of GHA relates to its function in the immunity of

Melanoplus differentialis.

*
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CONCLUSIONS

$ It can be concluded from this work that GHA is an N-linked glycoprotein. Also, it

is possible that the basis of HPLC separation of GHA into peaks la & lb is due to a 

carbohydrate-rich component discovered through Western blotting research of GHA. It

can be further concluded that Pre a and Peak 3 are not related to this carbohydrate-rich

doublet. Peak 2 may have a carbohydrate-rich doublet related to the GHA doublet, though

the data do not seem to indicate that Peak 2 is the source of the GHA doublet.

4

22



LITERATURE CITED

Kieliszewski, MJ., Orlando, R. 1996. Matrix assisted laser desorption/ionization time-of- 
flight mass spectrometry of tomato extensin monomers and potato lectin. Phytochem. 45: 
9-14.

Ratcliffe, NA., Rowley, AF., Fitzgerals, SW., and Rhodes, CP. 1985. Invertebrate 
immunity: basic concepts and recent advances. International Review of Cytology. 
Academic Press, Inc.

Stebbins, MR. and Hapner, KD. 1985. Preparation and properties of haemagglutinin from 
haemolymph of acrididae (Grasshoppers). Insect Biochem. 15: 451-462.

Wenzlick, DL. 1997. Grasshopper agglutinin: preparation and characterization by 
MALDI/TOF-MS. Montana State University Masters Thesis.

Wu, K., Yuan, J., and Lasky, LA. 1996. Characterization of a novel member of the 
macrophage mannose receptor Type C lectin family. J. Biol. Chem. 271: 21323-21330.

41

23


