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Isolation and purification of small antimicrobial peptide from
larvae of mealworm, Tenebrio molitor
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Abstract Antimicrobial peptides ( AMPs) are so effective against bacteria that they are expected to become the new
antibiotics. We induced mealworm, Tenebrio molitor L. , larvae to produce AMPs by pricking their abdomens with a
stainless needle that had been dipped in a suspension of living Escherichia coli and Staphylococcus aureus. AMPs were then
isolated and purified by methods including 0. 1% trifluoroacetic acid (v:v) extraction, gel filtration chromatography on
Sephadex G —50 and Superdex Peptide, and reverse phase high — performance liquid chromatography ( RP — HPLC).
Eventually, a fraction was obtained from the induced group with strong anti — S. aureus and anti — Bacillus subtilis
activities. The analysis of matrix — assisted laser desorption ionization time — of — flight mass spectrometry ( MALDI - TOF
MS) indicated that the fraction was composed of two small peptides with molecular masses of 1 876. 21 u and 1 904. 21 u
respectively. This suggests that these peptides are insect AMPs of a lower molecular weight than Thanatin.
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L1.2 B 522 [T PH M A 4 0 (0 0 2 3R A
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subtilis) AN 4 2% [ BA 1 B K % 4T & ( Escherichia
coli) L MFT B ( Pseudomonas aeruginosa ) BRI H
=R A 5T i, 4°C RETHIRIE DR
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iR\ NG A i 4l ([ Merck A 7)) , HoAbik 551y
AT Al

1.2 Fi&

1L.2.1 ®ZFFS By x4 (DZ) fi
P2l (YD) o KM #T T 4 B €0 ) 7 Bk 71 A% T
FigR 18 ~ 24 h, i TAE & A 70 i I TG T A BEER
IKIHZ 0.5 N HMUE (1 x 10° CFU/mL) 6 2
MERSFATUR S, ERIE S, 15 S &k
2y AR T AR RDRL, 4 5 B HUBF R IBGIE & T, A
HURBEARRIA, —%F— 2%, iR N kSt 24 h,
Xif BRZH R I T 75 5 , Ho Al Ach P[] 5 28 o

1.2.2 $REL ARIBGE & 0% IR A S 4h
HHATAE R, WFR B, e A T0V8 19 5 A5 IR AR
0.1% =F LR (v v) JRBUR  ( & Aprotinin
PTU, &k 4354 S pg/mL 1 25 pg/mL) , vkK
AR 30 min, R ZEA8HEHE,4°C 55 1F T 6 000
r/min 5.0 15 min DLER 25 040 8 S 42005 R, B
W, VKA A 7, 4°C £ 44 F 12 000 r/min 50> 20
min , YR TR LI , A B 3%

1.2.3 4HEaifk
1.2.3.1 Sephadex-G50 BEZHE4if  HU4T19
X REZH FNE S PUpd IO 1 2,20 mL 0. 1%

ZHOPRE YR, 12 000 r/min B0 20 min, 4340
A% Sephadex-G50 3 T5i#E (1 000 mm x 26 mm) ,
0.1% =FRLBRWBENL, i 0. 7 mL/min, 10 min/
8,280 nm P T FRAERIOGEE W4 6%
o/ R LB TESRErY

1.2.3.2  Superdex Peptide BRI 45 X
12,31 Yl b A G e D & 0. 1% —
WMOTR AV, B0 Ja BFE0. 1% =5 R Uk
M5 ,0. 5 mL/min, 215 nm %4 A0 6B W4k
S UR T8 KA TR TG Pk

1.2.3.3 Resource 15RPC i 4k *f
1.2.3.2 Pl A SRl o D& 0. 1% =
MOMRWEN, B0 EFE,0.1% —# L ~
30% g (75 0.085% =3 LR ) #h BE VR BE, 0.5
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mL/min, 215 nm KRGO R, WA 45 4
VOURT M AN T 15 A
1.2.4 MALDI-TOF FRigEME X 1.2.3.3
PR Sy HEAT OB AG 1 WL AR 5 1 pL BT a-
TFIEA-RIOR I RIR AT, b, RV P
L2.5 MEEHENE SRR LRI #
(G7) BRMATHI(G™) M O AIRE(GT) M
TR (G )4 MR R /R BRI 1A,
J7EZ BEOCHR (M DERa, 2006) FfE7RTE kit B
PR RO R BT R AR i i B S, 2R BEER KA 2=
0.5 NFEK (1 x10° CFU/mL) , £ B 350 ulL
INA BB IR AP LA (B 9 em) | TCRRIHRAE
URATEY S WA C KR IR AR R, B 4R A 3
~5 L FRRIAE AR, B ML — 28 EFXHIR (0. 1% =
LTR) ,36°CAIEREIR 18 ~24 h 4410 J&l fr) K
N BRI 3 UK HOPIIME.

2 HRE5SMH

2.1 EKMAER
ASCLL S RN 0. 1% =56 2 TR W6 354

H gy YU IR T IR I, B0 e B RN R T
TEVIVEIN R 6 P25, 45 2R s BV R U
BRI PR AR IO A o (B Y 285 2k
orEaiAL s RN E T B I A T
PURTBE TR A A0 3, PR BT 5 2R S R 2R
B2 B, WP O S R AR, KR
A A 0 T JIRAT A0k B R AR, M AN g
KA A o

2.2 MERSBAEURINERGE

X HRZH FN 5 3 20 B TR IR HL 32 9 8 Sephadex-
G50 BERCHE ST A5580 2 A4 (B 1) Ho g 2 4
U DZP2 1 YDP2 ([&] 1wy Sk dnic ) )4 2% [GFH
P A 4 B 00 3 A BR AT L R ZE A R X R B B
AP RIAE (X R 2% G BH M B R B A B
R TCIEME ;15 541 YDP2 41451 5 1% e i o) o
B PR H A TR R TR B B R X IR (£ 1),
Tk B4 2 F 5 SO K00 T P A BT R
58 o

%1 DZP2 fn YDP2 HIE &4
Table 1 Antimicrobial activity of DZP2 and YDP2

TG T B A% (mm)
Moy Inhibitory Inhibition zone diameter
Fractions concentration KIGATF A LRMAT T i B ZF FLAT T S (O R A PR T
(mg/mL) E. coli P. aeruginosa B. subtilis S. aureus
DZP2 276.0 — — 9.0 14.2
YDP2 265.5 — — 13.3 17.6

TE:— TR ARG RN . TR

— indicates no activity are detected. The same below.

% Hl Superdex Peptide #E ¢ A X A 16 ¥4 1)
DZP2 1 YDP2 2 7y itk — A 4lifl , #4558 6 473
(FE12) o 2% 2H 73 V% OR T J0 Jo A 00 400 11 435 Pk, 4%
SRR, X B ZH N5 S 41 A5 2 A0 R R 2 IR 1 TR R
I T AT T ¢ S A T 400 ) 355 4 5 0 BRZH P BRES 6
AN, LAY 5 ANZH o3 %k 4 B0 3 4 BR TR A B 2E A
FE AR, Horp LSS 2 06 DZP2-2 (i Sk pm
10) W fe i s V5 AT 2 DX Bk 2 R A
AR T PELLES 2 1 YDP2-2 (#i Sk bric) %

W, H DZP2-2 Fil YDP2-2 #Jl p& 3% 7k b 8 ml WL, 35
SHPUE IR Z 2 P ai b 5 s A & T R
(#£2),

Xt P 5 (9 DZP2-2 Al YDP2-2 R H
Resource 15RPC iz A #E 4l fk, P B il & DL 1A 3,2
G VEL 43 0 DZP2-2-1, YDP2-2-1 (8] 3 rhfi sk
Pt ) X 4 v (0 A A R TA A 2E AT T A B R
A RIVE R
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Fig.1 Purification of antimicrobial peptides from larvae of Tenebrio molitor by Sephadex-G50
A XTHRZH control ; B: 1755 4H induced.
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Fig.2 Purification of DZP2 and YDP2 by Superdex Peptide
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Table 2 Antimicrobial activity of fractions of DZP2 and YDP2 by Superdex Peptide
IR B (mm)
243 Inhibition zone diameters
Fractions KA ERIRAT i 2 FOAT I G O R AT BR
E. coli P. aeruginosa B. subtilis S. aureus
DZP2-2 — — 11.2 12.2
YDP2-2 — — 12.6 17.7
2.3 Rk 57K F-323k (Cheng et al. , 2006) , [ It B2 B 470

$ YDP2-2-1 ik 5, #£ 47 MALDI-TOF Jii 1%
Ko, g5 1L 4, iE 4l 0, YDP2-2-1 8
ATl 1876.21 1 904. 21 u Ay 2 RNk 2H i

3 atig
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AR, BB IR T BRI A
BRI R K, 2 B A SRR S A A

3.1

PRAEBCRT AR e T N TS . N TIFRM 5 2%
EEATESN L IR G OB DA S R Y R R
Y 845 T ik A LBk . SN BRA Jl
PRSI TR 5 47, ATRCR ], NS FEA
BIR 5 ol A I e 5 0 0 20 R S 2 Bl i, (R
R PSS P PN 2 G S - R B R T )
FEH—HIN N B BT K b 1 57 Ik
JRICK:, T LS 56 5F 5 oK 20 T e £ 47  U. AR T
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Fig.3 Purification of DZP2-2 and YDP2-2 by reverse-phase Resource 15SRPC
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JEL A ] () 7545, 2006 ) , 4 5353 I == TG R
PR LT A 22 QB T A 5 S TR, RO A
KA IR 78 2 A [A] B9 ( Michel et al. , 2001 ; Gottar
et al. , 2002) , JEF U, ARSCRHA] 18 22 [QPH PR TR
AL R S WAE N5 I T e aliflid 72
TR BER AN S AR @35 3 B I &, 5 S 4 5 0 IR
L VERSAR ] (B[R], 156 ) G 25 7 b 2 B R —
BLERAAR: 455 M B, B
B TR IR, SR TR 5 TR R Rk g ) 1 o Ryt
4 ML BRI R A

WFFE R B T IR R 2R 8 2, 70 Ja A [W)
FHEIA Z % , Hetru 45 (2003 ) B 7R A A 42 5 Y
7 FhAS ] B R SR A Bt B IR, T EL AT T 24 TG
PR 2 [P VE R LR TR PEAS A AR R . A SR
FER IR 4l UL IK Superdex Peptide 4153
BB, X BRI S A WA 10 B 1, 5

AR 2 DRI SR, 5 T — 4, [
OB AR WA G SCHR I . Yang 45 (2011) 1A
FAPUR REE N A7 A 3 R D BE 2k 9 Y e g —
BOPE”, RO R P 4 e 3 2 RESE DA A [
L, T IRESE N AR R 21X 8055 , P R A B4
IR, 5 3 J5 220K 00 P4 0, ke #5 32 E BT AT
F 5 A R D75 S 2 K TR ARG, 15 E DR
Fey RAC BRI BT AD , = R A B A P, A I L A
Fra WU E Y R PR T B8 i, A S0
B AALSRAT BT BREE RN 2 T 2 DA T RES
e 2 it BT B I, AR T, PRI E 2
REFIHCA 5 DA B B3 249 8 R At 3 3k, HA — E A9
BRI 15 Jm T2 D RE Rk R 0k iR, i k3 ok,
A RE N 2 R 58 , 7R SCSL I 245 1F 1 R BE A
ik
3.2 HERHIREX

RAR B BT IR 32 252 B g R L4 R sl i
WL, — R UL, AR A B, bk A 2,
T DAL HE AT SR G AL AR L 5 AR B /D i 9 L2l
PRI, R 2 BB AR R, 212K R A B i N 2%
PRI ( Shafer, 1997) o & F 5 7E A [] 2 i i
HHR T A B AT AR R A [R], 5% Wi HL I8 A B2 1 PR 32 AR
Z, EEALSE pH fH B 1 om BE JRLE RN A B
25 (Marshak et al. , 1999) , 53 4R BUZE i xd 8
BB alife 20 H 2 ZEniii iy pH {HE—
A RHEVES R, ZRATRE MO B, S AR RR
AN HBORME ML . %183 7> A aifed fe
TEHATLZRS Or T 1R AL PR, 35 R MR WA R
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BN M, (H 2 A SCrh T BB 4 01 R A
DSBS 1, 0 B JHE D PR AT R A e WSO 1 I
W R 2 3 D, R IR A A S0k B (s i)
AR s TR A S A2 HE N, &
ALIA TR 54.25% (R4 ,1994) , UKL K 5
B A W TR B — i, 448 AP o T
AT I PR B, B R T O R IR Y A RO R R AR
T L RN B A SR IR I . X T RE S R
HURE RS 3R B BT A O 3] ) 3 [ ) L
3.3 mERMINEEE

B S B2, AN (] o 2 08 470 T KRS 4 AT
A BRI P AN [R) , A7 A R 3 =2 G P M R AE
A RO B 22 [P TR A ROR , A XX 2 Fh
W ERA 1514 (Hazlett and Wu, 2011) . BifHI = 3t
PR RR R0 v 170 2 2 B e, LA kg A R oy 1
WA 6 M2EREE IR I IE L 3 A i f, 32 2%t
22 I BH P T A #0046 41 ] ( Hoffmann: and Hetru,
1992 ;Wong et al. , 2007) , B2 ME K 405
F Y Tenecin 1, L8 TR A BT AR, (HE 53F
K (4300 u 72 47) o ARSCHTAG/INT TS 4
Xof 2 [ PH MR T (4 o 00 ) 2 R T L A 2R AT
B AT B BT A 2> 7 EAK T 2 000 u, A
#l| Tenecin 1 73 F8 19—, L B U R Z %+
#% /N Thanatin ( Fehlbaum et al. , 1996) 73 T & if
ik 400 u Zc4y o PSCHRARTE F1 23 T 470 vl IR B4
PERFEORE , TE I B B durh il R & B Ak oy
TP ZIE KB T 9IRS & RS % LA
L H AR IS RE S i 15 i — DA SE

Eigt: PEAFR A EFRTHE AR 5T
RESFEHEAHRBATT RENT, HEEH
AT T EARAE T B B, B R T R
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