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Abstract

Objective: To compare sonication and homogenization methods for preparation of mosquito allergen
extracts.

Materials and Methods: Mosquito allergens were extracted from Culex quinquefasciatus using
two different methods, sonication and homogenization. Protein concentrations, protein profiles, and
endotoxin levels in the extracts prepared by the two methods were determined.

Results: The protein concentrations measured by Bradford (results in mg/mL) and Kjeldahl (results
in Protein Nitrogen Units, PNU) assays in the extracts prepared by the sonication method were
0.92+0.08 mg/mL and 74700+4934 PNU, respectively. These results were significantly higher than those
in the extracts prepared by the homogenization method (0.64+0.01 mg/mL and 41330+8231 PNU). The
protein fingerprint showed more protein in the extracts prepared by sonication than in those prepared
by homogenization. The endotoxin levels in the extracts from both methods were clinically acceptable,
and there was no bacterial contamination.

Conclusion: Sonication provides mosquito allergen extracts with higher quantities of proteins and
better protein composition than homogenization.
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Introduction
An allergic response is an overreaction of the

immune system towards harmless antigens such as

pollens, insects, or foods. Patients with allergies ex-

hibit several symptoms, such as red eyes, itchiness,

runny nose, hives, or asthmatic attacks. Allergies are

a major health problem worldwide, and the number

of patients with allergies has tended to increase  every

year(1-3).

One common cause of allergic reactions is the

saliva of the mosquito Culex quinquefasciatus. Com-

mon cutaneous reactions to the saliva include wheals

and itchiness, which occur within 20 minutes of the

mosquitoûs bite and then gradually resolve in few

days. In patients with severe allergies, wheals can

remain for several days, and subsequently develop

into hemorrhagic bulla, necrosis or residual scars(4-6).

To diagnose patients having allergy to this

mosquitoûs saliva, a skin prick test is performed.

Basically, an allergen extract from its whole body is

necessary for this test(4). Either sonication or homo-

genization is applied to extract allergens. Here, we

compared these two common methods in order to

find an effective way to prepare the allergen extract

of this mosquito.

Materials and Methods
Materials

Adult mosquitoes (Culex quinquefasciatus) were

kindly provided by the Department of Medical Ento-

mology, Faculty of Tropical Medicine, Mahidol Univer-

sity (Bangkok, Thailand). A Bradford assay kit was

purchased from Bio-Rad (Hercules, CA). Protein

Nitrogen Units (PNUs) were measured according to

the protocol(7,8). Endotoxin filters were purchased from

PALL Corporation (Port Washington, NY).

Preparation of allergen extracts
Frozen mosquitoes were lyophilized to give a

powder. The powder was dissolved in phosphate buffer

saline containing 0.4% phenol in a 1:15 ratio (powder

weight per solution volume)(9). The solution was sub-

ject to either homogenization using a tissue homo-

genizer or sonication using sonicator for 15 minutes,

and then centrifuged at 8,000 x g. The aqueous phase

was collected. Next, defatting was performed. Briefly,

the aqueous phase was mixed with ether in a 1:1

(v/v) ratio, and centrifuged at 8,000 x g. The aqueous

phase of the mixture was collected and filtered through

an endotoxin filter. The extract was stored at 4C.

Protein concentration measurement
The protein concentration of the extract was

measured by the Kjeldahl method, which provides a

result in PNUs, and the Bradford assay, which pro-

vides a result in milligrams per milliliter.

Sodium Dodecyl Sulfate-Polyacrylamide Gel
Electrophoresis (SDS-PAGE)

The allergen extract from whole bodies of Culex

quinquefasciatus was separated by SDS-PAGE. Briefly,

20 μg of the extract was mixed with an equal amount

of 2X gel loading buffer, and was boiled for 5 minutes.

Next, the boiled mixture loaded onto a 12% poly-

acrylamide gel and subject to electrophoresis. Finally,

the gels were stained with Coomassie Brilliant Blue

R-250(10).

Endotoxin and bacterial contamination tests
The endotoxin levels in the allergen extracts

were tested using the gel-clot method. Bacterial

contamination of the allergen extracts was evaluated

by direct inoculation.

Statistical analysis
Data are presented as the mean+SD. Compari-

son of two groups was conducted using Studentûs

t-test. A P-value of <0.05 was considered significant.
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Figure 1  Schematic diagram of the two allergen extraction methods

Figure 2 Protein concentrations in the allergen extracts. A. Total protein concentrations in the allergen extracts prepared
by homogenization (n=3) and sonication (n=3) were measured by the Bradford assay. B. The nitrogen from
proteins in the allergen extracts prepared by homogenization and sonication was measured by the Kjeldahl
method. Mean values+SD. are shown, * P <0.05, n=3. Data are from three separate experiments.
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Results
The sonication and homogenization methods

are relatively similar to perform, except that the homo-

genization method includes an extra defatting step

(Fig. 1A and B). As a result, the preparation time and

the amount of chemicals used in the sonication method

are greatly reduced as compared to the homogeniza-

tion method. Protein concentrations were used to

evaluate the quality of allergen extracts prepared by

these two methods. The Bradford assay showed that

the total protein concentrations in the extracts pre-

pared by the sonication method (0.92+0.08 mg/mL)

were significantly higher than those in the extracts

prepared by the homogenization method (0.64+0.01

mg/mL) (Fig. 2A). The Kjeldahl method also showed

significantly higher protein concentrations in the soni-

cation method extracts (74700+4934 PNU) than in

the homogenization method extracts (41330+8231

PNU) (Fig. 2B).

The protein compositions in the extracts were

evaluated using SDS-PAGE. The extract prepared by

the sonication method contained more protein than

that prepared by the homogenization method (Fig. 3).

Finally, we checked for endotoxin and bacterial con-

tamination of the extracts, and found that both me-

thods resulted in low endotoxin levels and no bacte-

rial contamination (Table 1).

Discussion
In comparison to the homogenization method,

the sonication method consumes less time and ma-

terials. We also found that the sonication method

Figure 3 SDS-PAGE analysis of the allergen extracts. The lanes from left to right are for the
marker, the homogenization allergen extract, and the sonication allergen extract.

Table 1 Evaluation of endotoxin and bacterial contamination of the allergen extracts. Endotoxin units per milliliter (EU/mL)

in the allergen extract (mean+SD, n=3).

Homogenization Sonication Homogenization Sonication

Mosquito 3422+480.9 3380+246.5 No bacterial No bacterial

contamination contamination

Bacterial contamination
Sample

Endotoxin level (EU/mL)
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gave significantly higher yields of proteins and better

protein composition in the extract than the homo-

genization method. This difference could be explained

by the mode of action of the two methods, with soni-

cation disrupting tissues on a cellular level and homo-

genization only dissociating tissue. Consequently, more

proteins are released from the cells by sonication. In

addition, sonication produces less heat than homo-

genization, and the lower temperature reduces protein

losses. In addition to protein quantity and composi-

tion, the sonication method significantly reduced the

amount of chemicals used and the preparation time

compared to the homogenization method. The endo-

toxin levels in the extract prepared by the sonication

method were acceptable for clinical applications.

Nevertheless, the limitation of this study is that it was

done in a laboratory scale. Production of this allergen

extract in an industrial scale requires more quality

control like GMP.

In conclusion, our study firstly shows that soni-

cation is a better method than homogenization for

preparation of mosquito allergen extracts. We specu-

late that this method could be applied for the prepa-

ration of other allergen extracts.
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°“√‡ª√’¬∫‡∑’¬∫«‘∏’ °—¥ “√°àÕ¿Ÿ¡‘·æâ®“°¬ÿß‚¥¬«‘∏’
sonication ·≈–«‘∏’ homogenization

æ√√≥«¥’ ‡ª≈◊ÈÕßπÿ™, ™≈«√“ ‡©≈‘¡√ÿ®‘π“π—π∑å, Õ¥‘»—°¥‘Ï «ß»å¢®√»‘≈ªá, °‘μ‘æß»å  ÿπ∑√“¿“

¿“§«‘™“‡¿ —™«‘∑¬“ §≥–·æ∑¬»“ μ√å»‘√‘√“™æ¬“∫“≈ ¡À“«‘∑¬“≈—¬¡À‘¥≈

∫∑§—¥¬àÕ

«—μ∂ÿª√– ß§å: ‡æ◊ËÕæ—≤π“«‘∏’°“√ °—¥ “√°àÕ¿Ÿ¡‘·æâ®“°¬ÿß ‚¥¬∑”°“√‡ª√’¬∫‡∑’¬∫√–À«à“ß«‘∏’ sonication ·≈– homo-
genization

«— ¥ÿ·≈–«‘∏’°“√: ‰¥â‡μ√’¬¡πÈ”¬“ °—¥ “√°àÕ¿Ÿ¡‘·æâ®“°μ—«¬ÿß ‚¥¬„™â 2 «‘∏’∑’Ë·μ°μà“ß°—π §◊Õ «‘∏’ sonication ·≈–«‘∏’
homogenization ®“°π—Èπ«—¥ª√‘¡“≥‚ª√μ’π„ππÈ”¬“ °—¥‚¥¬«‘∏’ Bradford assay (mg/mL) ·≈–«‘∏’ Kjeldahl method
(PNU, Protein Nitrogen Unit) ´÷Ëß‡ªìπÀπà«¬∑’Ë„™â°—πÕ¬à“ß·æ√àÀ≈“¬„π∑“ß§≈‘π‘° »÷°…“Õß§åª√–°Õ∫¢Õß‚ª√μ’π„π
πÈ”¬“ °—¥‚¥¬°“√∑” gel electrophoresis μ√«®«—¥ª√‘¡“≥ endotoxin ·≈–°“√ªπ‡ªóôÕπ¢Õß‡™◊ÈÕ·∫§∑’‡√’¬

º≈°“√»÷°…“: πÈ”¬“ °—¥ “√°àÕ¿Ÿ¡‘·æâ®“°¬ÿß∑’Ë °—¥‚¥¬«‘∏’ sonication æ∫«à“§à“‡©≈’Ë¬ª√‘¡“≥‚ª√μ’π ‡¡◊ËÕ«—¥¥â«¬«‘∏’
Bradford assay ·≈– Kjeldahl method ‡∑à“°—∫ 0.92+0.08 mg/mL ·≈– 74700+4934 PNU μ“¡≈”¥—∫ ´÷Ëß Ÿß
°«à“πÈ”¬“ °—¥∑’Ë‰¥â®“°°“√ °—¥¥â«¬«‘∏’ homogenization ∑’Ë¡’§à“‡©≈’Ë¬ª√‘¡“≥‚ª√μ’π §◊Õ 0.64+0.01 mg/mL ·≈–
41330+8231 PNU μ“¡≈”¥—∫ πÈ”¬“∑’Ë °—¥¥â«¬«‘∏’ sonication „ÀâÕß§åª√–°Õ∫‚ª√μ’π∑’ËÀ≈“°À≈“¬°«à“ „π¢≥–∑’Ëª√‘¡“≥
endotoxin ¢ÕßπÈ”¬“ °—¥∑’Ë‰¥â®“°∑—Èß 2 «‘∏’Õ¬Ÿà„π¡“μ√∞“π°“√„™âß“π∑“ß§≈‘π‘° √«¡∂÷ß‰¡à¡’°“√ªπ‡ªóôÕπ‡™◊ÈÕ·∫§∑’‡√’¬
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∑’Ë„™â„π°“√°“√ °—¥Õ’°¥â«¬
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