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Protein Composition and Biological Activities of Bombus ignitus Venom
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ABSTRACT : Pure Bombus ignitus venom samples were submitted to two-dimensional gel electrophoresis.
A total of 64 excised spots were analyzed by mass spectrometry. Three main proteins resulted in the
identification have not been described in other bee venoms before. Dose-dependence against human carcinoma
(Hep3B, BT-20, A549 and AGS) were observed from 1 ng/ml to 100 ng/ml. Expecially, the treatment
of 100 ng/ml B. ignitus venoms showed the highest cytotoxicity with 55% against hepatocellular carcinoma
(Hep3B). The B. ignitus venoms showed strong antimicrobial activities against Enterococcus faecium
and Shigella sonnei, and practically antimicrobial activity against the other microorganisms tested. The
minimum inhibitory concentration (MIC) and minimum bactericidal concentration (MBC) of E. faecium
and S. sonnei, were 0.256 ug/ml, respectively.
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Bl(dpis mellifera L)2] 5 AR E WzEaHe
R Y, 5359 Hgol AMgEle] 237 YJri(Kim
et al., 2003). 7|29 TAF A BAZ AMEE= B]AHZ
ol=A 2 AH|EO|EA oRE, HY JAA| 5o A8t
A7I1ZE AMg2 2 A Y Fog B2 AV opr|EaL
¢}t Abbadie and Besson, 1994). &z o]&3t SFE=9]
DL 2] Yot AREStaL Qi BEES 954
Ayat o] At s Ao A Qv BHse
ThRsE AEo] B3R o R AR )=t olF HEo]
=7} Az WA, Plolels Dgo) QLI A% B
5o 71 ofmAle) 745 BelHmelitin & L5}
A-RAAAS Astel B T EE AE)
7 Bage) AENE A FAT 8L Bt
(Dunn et al., 1988; Gaulidie et al., 1978). }t{l(apamin)
o Az BES) 23%0] AH) AT W} ol
WA RAAAS AT ek} 2T BHlE F7Hsto]
o= a8 ity g A ¢lthHabermann ef al.,
1965).

H .8 ¥ ¥ (Hymenoptera), Td¥{Apidae), HFH
o}z Bombidae), F]%HZ(Bombini)ol| &34, =jo]
A= FlgHoluiBombidae)ol| QY (Bombus)s 20%
3} WHE(Psithyrus) 552 25%0] Rt Lee and
Dumouhel, 1999; Williams, 1998). =] E% FJHl
SuPH(Bombus ignitus Smith)2 BHI} vp27ix] 2 of 9k
¥, 9, +8E VRS9I ol ZolX 910 w(Heinrich,
1979), A& A 9 3k 5o RIS = S
Az AFASLE igfiiARE st QT (Free, 1993;
Masahiro, 2000; Yoon et al., 2004; Yoon et al., 2005).
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£ Apgsto] FA3H A7 T 10000 g 4CA 108 59
Q4 Relstol A4F9e HsharMoreau er al, 2002).
Roj@ U5 FAAxs] APe) gtk

(2DE, 2-dimensional gel electrophoresis)¥t Thzl A&
HAYMALDI-TOP, matrix assisted laser desorption
ionization-time of flight)-2 (F)A|=0}U(E3}, =)ol
24 ojzlsgc
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7+ ShMl o] i3 S Asigdel HA-2 SRB
(sulforhodamine B) assay (Skehan et al., 1990)of 2js}od
cRe} o] saekih QTR Qlzke] Tkl
Hep3B (hepatocellular cacinoma, human), QA Z2] A549
(lung carcinoma, human), -FFHAI3EQ] BT-20 (breast
cancer, human) @ $JobA|| 321 AGS (gastric carcinoma,
human)& A=A ZFL2 Yo =R E Zftot ALG3IG
o ® Aol JEEYS dohur] Sfete] Alate] 7
WRL68-2 AE el AHg3t4th SRB assay= A3 it
NZES 1x10° cells/ml2] =2 96 well plate@] Z+ wello]]
100 ul® H7}ato] 24417F 241 377C, 5%, CO, RALCE
Hijokst Sof|, ZF Al 100 uld H7lsto] 48A17F uligbstad
t} ufjoF Bof AFSMN-E A|AE}aL TCA (trichloroacetic
acid) 100 ulE 7}t 4Col|A 1AIZE <t x| shgich
0]3 SRB N o g M3} T acetic acidZ A A5k,
Tris bufferZ A7t 2 540 nmoj| A microplate readerE
olg3tel FHEE SAUCZA, Tup Y| ob
3 9 A gt AR Aef B AESHI

00k

7Y A

AFof AR HEFTE= AR EENEZRE 2
ohdto}l ALRGIE o I RO 2= Bacillus subtillis,
Staphylococcus aureus, Streptococcus intermedius, Entero-
coccus faecium, Streptococcus oralis, Streptococcus mutans
a8l O 2AH .2 Escherichia coli, Pseudo-
monas aeruginosa, Salmonella typhimurium, Shigella
sonneisS AR
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Fig. 1. Tris-glycin gel electrophoreisis is 4-20% gradient gel.
Gel was stained with Silver stain. Lane M, Bio-Rad molecular
weight standard; lane HBV, Sigma whole honeybee venom; lane
BBV, B. ignitus venom.

Walor], 1 ko] et 7AHR A vl Al
ot Winninghan ef al., 2004). 22 FUoAE 74
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Fig. 2. Representative 2D-gel of stained with Coomassie Brilliant
Blue G-250.
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Fig. 3. MALDI-TOP analysis on

the 2DE gels of the B. ignitus venom. A is spot number 1; B is spot number 2; C is spot number 3.
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Table 1. Main protein identification on the 2DE gels of B. ignifus venom.
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of Bombus ignitus venom

Spot number” MW (Da)b pr Peptide mass® Peptide sequencesd
1 29.46 7.88 1384 [LIN][DNID[LIJGTGYHGWVA
2 30.88 4.80 1361 [LIN]JFPGY{LI|GG[QE][LIJAGW
3 44.77 8.78 946 QVGC[LIJGQF[LIN]

® Numbers refer to the spot numbers given in Fig, 2
® Theoretical molecular weight (MW) and pl are calculated using the on-line ExPASy’s Compute pI/MW program
¢ Theoretical molecular mass of peptide.
¢ Deduced peptide sequences obtained after LC-MS/MS analysis of the indicated spot.

Table 2. Minimum inhibitory concentration (MIC) and minimum bactericidal concentration (MBC) of B. ignifus venom against bacteria

tested
Gram Strains Strain number MIC (ug/ml) MBC (ug/ml)
+ Bacillus subtilis ATCC 6633 256 512
+ Enterococcus faecium ATCC 19434 0.256 0.256
+ Staphylococcus aureus ATCC 6538 3 8
+ Streptococcus intermedius ATCC 9895 128 128
+ Streptococcus mutans ATCC 25175 512 512
+ Streptococcus oralis ATCC 9811 16 16
- Escherichia coli ATCC 25922 8 16
- Pseudomonas aeruginosa ATCC 27853 16 16
- Salmonella typhimurium KCCM 40253 >512 >512
- Shigella sonnei ATCC 11060 0.256 0.256
i = = 100
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1 10 100

oHPd JR=o] AEEALS 1 mg/ml o[ ¢] F=R 9o
A Al=/do] A9 gl AcR wdEo] o] F= Heo
A PRI P ARl e HESIHTE 75 o|kerE
£0] QIrte] A 2 et A% Aol 500 ng/ml ]
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Fig. 4. Inhibition effects of the B. ignitus venom on the various
human carcinoma cells. Hep-3B: human hepatocellular carcinoma,
BT-2: human breast cancer, A549: human lung carcinoma, AGS:
human gastric carcinoma.

At} subd dlE=2 O FAdFoAlME E. faecium
T} S. aureus, S. oralisO) t3to] AR} &
AATEE B ZE2E 02567 8, 16 ugmlE 73} s
e epiien, olele) ol dhshis HlmA vk
FHEEE e AR 2ok O SAdFolM =
S. sonnei, E. coli®} P. aeruginosa®l] T)§F FAuk8-o1x) s
=7} 22} 0.256, 87} 16 ug/mlo]Gom, Hadlgerl
Z}7) 0.256, 163} 16 ug/ml= 738t AL e



234 Korean J. Appl. Entomol.

o}, 8. typhimuriumo] Watel= 240l fle A
2 AztEgloh

oo AIER Tuhd U Fo YRS Bk
o e E4E de Ao= dESI wEhi A7
&0l Jigk 54 9 715, gl o T+
7F Bad Aog wokE ok

Literature Cited

Abbadie, C. and J M. Besson. 1994. Chronic treatments with
aspirin or acetaminophen reduce both the development of
polyarthrithritis and Fos-like immunoreactivity in rat lumbar
spinal cord. Pain. 57: 45-54.

Argiolas, A. and J.J. Pisano. 1985. Bombolitins, a new class of
mast cell degranulating peptides from the venom of the bum-
blebee Megabombus pennsylvanicus. J. Biol. Chem. 258: 13697-
13702.

Dunn, J.D. and J.J. Killion. 1988. Effect of melittin on pituitary-
adrenal responsiveness to stress. Acta. Endorinol. 119: 339-344,

Free, J.B. 1993. Insect pollination of crops. 2nd ed., pp. 684.
Academic Press, London.

Gauldie, J., JM. Hanson, R.A. Shipolini and C.A. Vernon. 1978.
The structures of some peptides from bee venom. Eur. J.
Biochem. 83: 405-410.

Habermann, E. and K.G. Reiz. 1965. On the biochemistry of bee
venom peptides, melittin and apamin. Biochem. 343: 192-203.

Heinrich, B. 1979. Bumblebee economics. pp. 245. Harvard
University Press. Cambridge, Massa.

Hwang, B.H,, J.L. Zhao, K.P. Choi, S.W. Jung, E.J. Kim and S.S.
Ham. 1996. The antimutagenic and anticancer effect of Taxus
cuspidata extracts. J. Korean Soc. Food Sci. Nutr. 25: 1062-
1068.

Kim, HW, Y.B. Kwon, T.W. Ham, D.H. Rho, S.Y. Yoon, H.J.
Lee, HJ Han, I.S. Yang, A.J. Beitz and J.H. Lee. 2003.
Acupoint stimulation using bee venom attenuates formalin-
induced pain behavior and spinal cord for expression in rats.
J. Vet. Med. Sci. 65: 349-355.

Lee, S.H. and L. Dumouhel. 1999. Taxanomic review of Genus
Bombus (Hymenoptera, Apidae) from Korea. Ins. Koreana 16:

46(2), August 2007

77-101.

Masahiro, M. 2000. Pollination of crops with bumblebee colonies
in Japan. Honeybee Sci. 21: 17-25.

Moreau, S.J.M., A. Dingremont, G. Doury and P. Giordanengo.
2002. Effects of parasitism by Asobara tabida (Hymenoptera;
Braconidae) on the develoment, survival and activity of Droso-
phila melanogaster larvae. J. Insect Physiol. 48: 337-347.

Murata, K., T. Shinada, Y. Ohfune, M.H. Hisada, A. Yasuda, H.
Naoki and T. Nakajima. 2006. Novel biologicallly active peptides
from the venom of Polistes rothneyi iwatai. Biol. Pharm. Bull.
29: 2493-2497.

O’Connor, R., W. Rosenbrook and R. Erickson. 1964. Disc electro-
phoresis of Hymenoptera venoms and body proteins. Science.
145: 1320-1321.

Pattanaargson, S. and J. Roboz. 1996. Determination of hyaluronidase
activity in venoms using capillary electrophoresis. Toxicon. 34:
1107-1117.

Peiren, N., F. Vanrobaeys, D.C. de Graaf, B. Devreese., J.V.
Beeumen and F.J. Jacobs. 2005. The protein composition of
honeybee venom reconsidered by a proteomic approach. Biochem.
Biophys. Acta 1752: 1-5.

Roll, A. and P. Shmid-Grendelmeier. 2005. Ultrarush immuno-
therapy in a patient with occupational allergy to bumblebee
venom (Bombus terrestris). J. Invest. Allergol. Clin. Immunol.
15: 305-307.

Skehan, P., R. Storeng, D. Scudiero, A. Monks, J. McMahon, D.
Vistica, J.T. Warren, H. Bokesch, S. Kenney and M.R. Boyd.
1990. New colorimetric cytotoxicity assay for anticancer-drug
screening. J. Natl. Cancer Inst. 82: 1107-1112.

Williams, P.H. 1998. An annotated checklist of bumble bees with
an analysis of patterns of description (Hymenoptera: Apidae,
Bombini). Bull. Nat. Hist. Mus. (Ent.) 6.

Winninghan K.M., C.D. Fitch, M. Schmidt and D.R. Hoffman.
2004. Hymenoptera venom protease allergens. J. Allergy Clin.
Immunol. 114: 928-933.

Yoon, H.J., S.E. Kim, K.Y. Lee, S.B. Lee and 1.G. Park. 2005.
Oviposition and colony development in the bumblebees, Bombus
ignitus and B. terrestris depending on different pollen. Int. J.
Indust. Entomol. 11: 99-105.

Yoon, H.J.,, S.E. Kim, Y.S. Kim and S.B. Lee. 2004. Colony
development characteristics of the bumblebee queen, Bombus
ignitus by the first oviposition day. Int. J. Indust. Entomol. 8:
139-143.

(Received for publication July 25 2007;
accepted August 20 2007)



