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Pre-harvest damage caused by

Heteropterous insects

 Eurygaster spp.   Middle East, North Africa

 Aelia spp.            East & South Europe

 Nysius huttoni New Zealand

* Significant quantities of wheat  unusable



PREHARVEST DAMAGE TO 

WHEAT
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Suni-bug (Eurygaster spp) 
feeding on a wheat spike
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Wheat-bug / Suni bug / Sunn pest

• Like many other Heteropteran insects, suni bug 
ingests plant liquids by inserting sucking mouthparts 
into plant tissues. 

• Extra-oral digestion is facilitated by the secretion of 
digestive enzymes including proteases from the 
salivary glands. 

• The protease remains in flour produced from 
damaged wheat and the resulting dough has weak 
rheological properties and produces unsatisfactory 
bread with poor volume and texture. 
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Suni Bug  Damage

 Early stages of  kernel development (milk ripe stage)

- smaller, lighter and shrivelled kernels (easy to remove)

- yield   

 Later stages of kernel development (full ripe stage)

- kernels with normal size and shape (difficult to remove)

- breadmaking quality



(SEM-I)



(SEM-II)



(SEM-III)

Undamaged (sound) 

Suni Bug Damaged
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Suni Bug  Damage

• When immature grain is attacked in the field by 

the insects, the resulting dough is weak due to 

progressive degradation of the gluten proteins 

by the bug protease secreted by the insect. 

• The bug protease hydrolyses both glutenin and 

gliadin proteins. 
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Electrophoresis: 6 bread wheat cultivars

Bezostaya, Lancer & Gun

(Strong gluten, hard-red)

Ankara & Kirkpinar

(Medium gluten quality, semi hard - white)

Kirac

(Weak gluten quality, soft-white)
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Electrophoresis: Sample preparation

Damaged kernels

Grinding

Ground sample   (40 mg) + DD water (200 μl) 

Incubation   (37C, 0, 15, 30, 60, 120 & 240 min)

Lyophilization
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Electrophoresis: Methods

 GLIADIN

Acid Poliacrylamide Gel Electrophoresis (A- PAGE) 

(Bushuk ve Zillman, 1978)

 GLUTENIN

SDS-PAGE (Fu ve Sapirstein, 1996)
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(K) Katepwa (Standard) 

• Sound

(1) Control

(2) Incubated, 240 min

• Damaged

(3) Not incubated

(4) Incubated, 15 min

(5) Incubated, 30 min 

(6) Incubated, 60 min 

(7) Incubated, 120 min 

(8) Incubated, 240 min

Effects of suni-bug protease on gliadin proteins of 

wheat cv. Bezostaya (A- PAGE)

K  1   2  3   4   5  6  7   8  1  K
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A-PAGE RESULTS (Sivri et al. 1998)

 No detectable effect on gliadins before incubation

 Significant changes on gliadins after incubation

 More obvious changes with increasing incubation time 

 New bands appeared in A-PAGE patterns

 Most of the original bands disappeared after 120 min and 

longer incubation
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(K) Katepwa (Standard) 

• Sound

(1) Control

(2) Incubated, 240 min

• Damaged
(3) Not incubated
(4) Incubated, 15 min
(5) Incubated, 30 min 
(6) Incubated, 60 min 
(7) Incubated, 120 min 
(8) Incubated, 240 min

Effects of suni-bug protease on glutenin proteins of 

wheat cv. Bezostaya (SDS- PAGE)

K   1  2   3   4   5 6 7   8 1  K

H
M

W
L

M
W
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(K) Katepwa (Standard)

• Sound

(1) Control

(2) Incubated, 240 dak

• Damaged

(3) Not incubated

(4) Incubated, 15 dak

(5) Incubated, 30 dak 

(6) Incubated, 60 dak 

(7) Incubated, 120 dak 

(8) Incubated, 240 dak

Effects of suni-bug protease on glutenin proteins of 

wheat cv. Ankara (SDS- PAGE)

K  1   2   3   4   5   6  7   8  1 K

H
M

W
L

M
W
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SDS-PAGE RESULTS (Sivri et al. 1998)

 Similar results to the those of A-PAGE

 No new bands observed

 HMW-GS disappeared or drastically decreased 

after 120 min of incubation

 LMW-GS decreased substantially after 15 min of 

incubation and  decreased slightly beyond this 

incubation period   







RP-HPLC 

Süneli

Süneli 30 dak

CONTROL

BUG DAMAGED

BUG DAMAGED 30 MİN
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RP-HPLC RESULTS (Sivri et al. 1999)

 Little reduction in the amounts of total-GS, HMW-
GS and LMW-GS before incubation

 Total-GS substantially decreased (more than 80%) 
after 15 min of incubation

 Wheat cultivars showed different patterns of 
glutenin degradation (Intercultivar differences may 
exist in gluten resistance to the bug protease)



Determination of suitable substrates

Substrate (50mg) +EE  incubation  SDS-PAGE

+ H2O (500 L) (37°C, 16 h)

– Glutenin ***       
– Gelatin **
– Azocasein *
– Hemoglobin
– Elastin
– Collagen
– Fibrin
– Hide powder



Determination of suitable substrates

SDS-PAGE

1: EE

2, 3: Glutenin 
(cv.Katepwa)

4, 5, 6: Hemoglobin

7, 8, 9: Azocasein

10, 11, 12:  Gelatin



Water & SDS soluble gluten proteins

Vital wheat gluten + EE    incubation

25 mg/mL (100 L)    (37°C; 1, 2, 3, 4 h)

Centrifuge  supernatant  dilution  Abs. (280 nm)

(S1)

precipitate  mix with water  centrifuge  dilution

Abs (280 nm) 

(S2)

Total Abs. = S1 + S2
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Polymeric glutenin (not soluble in 50% 1-propanol)

Katepwa flour +   EE    +    H2O     incubation

(250mg)             (50mg)     (200 L)         (37°C; 1-4 h)

Extraction  unsoluble glutenin (mg/mL)

(%50 1-propanol)            content (50 PI)



0

2

4

6

8

10

12

14

0 1 2 3 4

Time (hr)

5
0
 P

I 
(m

g
 /

 m
L

)

Control 

Control + EE



Determination of Suni-bug 

Protease Acitivities

 Conventional methods  not suitable

 Specific activity of suni-bug enzymes on 
gluten proteins (especially HMW-GS)

 Two spectrophotometric method

(gluten substrate)

 50 PI glutenin based method  has
advantages



SUNI BUG PROTEASE 

CHARACTERIZATION



PURIFICATION
 Ammonium Sulphate Precipitation

 Gel permeation Chromatography (Sephadex G-75)

 Ion exchange Chromatography (QAE-Sephadex A-50)

AMINO ACID ANALYSIS



Characterization

 pH 3.5-11 

 Optimum pH 8.5, 

 Optimum T 35°C,

 pI 8 (Pharmalyte 3-10, IEF)

 Subgroup of Serine 
proteases including an –SH 
group 

Amino Acid Analysis

 Phe  (x 10)  

 Pro, Tyr, Lue (x 4) 

 HMW-GS repititive domain (β-

spiral)

Pro        :   most abundant aa

Tyr, Lue :  many

Sivri, D. and H. Köksel " Wheat bug protease: A protease enzyme with specific 

activity for gluten proteins" Wheat Quality Elucidation: The Bushuk Legacy, Eds. P. 

K. W. Ng and C. W. Wrigley, American Association of Cereal Chemists (AACC), 

Chapter 7, s: 113-126, ISBN 1-891127-28-4, St Paul, MN. 





SE-HPLC & 2D SDS PAGE



2-D MAP 

Control Bug Damaged



REMEDIES



• Modifications of milling

• Hydrothermal processing

• Radiation

• Microwave

• Transglutaminase

• Additives

• Natural inhibitors
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