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Antimicrobial peptides are antimicrobial substances inherent in animals and plants, with strong anti-
bacterial activity even in small amounts and with various other functions such as antiviral and anti-
oxidant actions. Plants can be grown with just water and sunlight, allowing for their mass production
at low costs. However, transforming a chloroplast into one that produces antimicrobial peptides, rather
than growing plants, increases the amount of protein expression and minimizes contamination of the
ecosystem because gene transfer by pollen does not occur. In that context, using transgenic plant
chloroplasts to produce recombinant proteins increases protein degradation and reduces the solubility
of proteins. To solve this problem, we fused SUMO, a fusion protein, with a recombinant protein.
We also used a 6xHis tag to purify the fusion protein. The antimicrobial peptide stomoxyn is an
antibacterial substance found in stable flies. Stomoxyn has an o-helix structure and is amphiphilic,
which allows it to dissolve bacterial cell membranes. In this study, we constructed a transformation
vector to express stomoxyn in both plant chloroplasts and Escherichia coli and used this vector to
confirm the expression of stomoxyn in E. coli. The expression of the protein was then confirmed
in E. coli using a transformation vector. The expressed stomoxyn was purified by nickel column
and SUMOase treatment, and its antibacterial activity was confirmed using an agar diffusion assay.
The EGFP gene was used to ensure that the transformed vector was inserted into the chloroplast.
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A A3 oF 3T}, Factor Xa, enterokinase 53} Z+-& ©hal
B Eae 7|29 ofr|=it AEE < =
& AdE A48t dAeste S 7HA
ol kst IE Al g9 ©ild RES HA A
7] 913+ small ubiquitin-related modifier (SUMO)E ©
stod §3 e de AA3oh SUMO & e a4
(SUMOase)= Tl o] 321 F2E& 123t 2A27] &
of ehiido] Zx HAoEE AL AT 5 Uvh21]. =3
SUMOE RE A Eol| EAshs @Md=R 53] A=
ol A tiAb B NS BAE sk AEe ATH19)

83 A&+ SUMOE &8 3l= SUMOaseﬂ' EA) 3}
of A3 DAL AdIAZE 9 SUMOE 83 §F
Guld Apel 25 Aok BAAE e B
A THI, 19].

Stomoxyn> HI+2] Q1 Stomoxys calcitransll A =2 H
Ft e EE 427]9] ofn| 4t ® FAE o] JUTH2).
Stomoxyn< o-helix 722 HE w] FojAde g1 glo
H, o] Fxlujd FoI=2 el wre g ope e £ %
THE JA4gt o)y 713}01?: stomoxyn< 18 44

, I A3+, Z‘l °ﬂ W g 84S /A
o} 2715 343t 4

e tg%‘& Q1 Rhizoctonia solani®
gdo] ot HAEHJTH12). ol g AMEE vier e
= stomoxyne &% T T 9 o kFE At o &
T = I FE}o] =(antimicrobial peptide)Z AF&-2 4

ANz S-S 3= WH OB Escherichia coli7}
A AHEE ST} E coliv AR 2Fo] Lolsta
7VAo] At Az A S ALketr) o A sttt
[1]. AZto] SEF WME S o] &3l FEAES FAHS
A717] Hell GEA ] A 2 e 7] #ko] {FARE E coli
oA @uide] WES Flsty, I FAVH 17 &
el tgk stomoxynd] o A4S FASIATHS]. ©]
=, A= AFANA FRAAE BAE=A FRlstr] 9l
|£9] ¥ E o] Enhanced green fluorescent protein (EGFP)
FHAAE At EGFPe @& FlstAth o] AT

N

Table 1. Sequence of recombinant stomoxyn

b

2 ATl AHEE DANEE E coli R HE GEA
%8 7Fs 7 pKSECIS A3 TH15]. SUMOI 3 sto-
moxyn®] A &8-S National Center for Biotechnology Infor-
mation (NCBI)S %318l A8l ™, Z+ZF GenBank
o 5% NM_003352.49} AF467987.19] A 4-& a3}
Aot E coliddAE AxY dilido] dadE F IS
6xHis-SUMOI-stomoxyn2] =41 2 DNA A 4-& 24319
t}. 24 H DNAA €S pKSEC12] PpsbA<} TpsbAS] Alo]
of Ad3t7] 213l 6xHis-SUMOI-stomoxyn A g2] A &2
Nde 1 7 Xba 1 o] A|tE A AEE F718 o 249 A=
3 stomoxyn®] DNA 4] (Table 1) Macrogen (Seoul,
Korea)s &3l i A2t A&ttt &H1E pKSEC]
of Axg Tde] DNAE A48t E coli DHSa= DNA
cloning3} Atk A& FEA o pKSEC17} 52T
T3 FAAS o] 7R FR1E7] s EGFP A}
Z39 pKSEC1ES AH&3k3ith

m

WHE MEE CHE F=5
A48 HMEE E coli BL21°) §AAS sl A=
Sl S Ad AT §EAZ H E colis 100 pg/ml

ampicillin®} 50 pg/ml spectinomycin®] Z 3+ LB HJ #] o]
HZ3ke] 37Coll A 180 rpm 27 0. & 1847 k&t th.
kA E colie 8,000 pmO-E 3E7F YA R 3o] Ei
sttt 229 E coliS lysis buffer (20 mM Tris, 300 mM
NaCl, 5 mM Imidazole)ol] @E3t Z5-a72)7= 34
AT AlE NS 13,000 rppmlE 10837 QAR

st A5 AAES Bttt £EE AedEs
|4 9, AAES ST At B8 ©
BAZ Agetdth ZF & d 2 Bovine Serum Albumin
(BSA)3} Bradford Reagent (Sigma Aldrich, USA)S A}-8-3}

N—Nde | -start codon-6xHis-SUMO1-stomoxyn-stop codon-Xba I —C

CAT*ATG’CACCACCACCACCACCAC TCTGACCAGGAGGCAAAACCTTCAACTGAGGACTTGGGGGATAAGAAGG
AAGGTGAATATATTAAACTCAAAGTCATTGGACAGGATAGCAGTGAGATTCACTTCAAAGTGAAAATGACAACA
CATCTCAAGAAACTCAAAGAATCATACTGTCAAAGACAGGGTGTTCCAATGAATTCACTCAGGTTTCTCTTTGAG
GGTCAGAGAATTGCTGATAATCATACTCCAAAAGAACTGGGAATGGAGGAAGAAGATGTGATTGAAGTTTATCA
GGAACAAACGGGGGGT'AGAGGTTTTCGCAAACACTTCAATAAATTGGTGAAAAAAGTCAAGCACACCATTTCGG
AAACAGCTCATGTGGCCAAGGATACTGCTGTTATAGCTGGAAGTGGAGCTGCTGTAGTTGCTGCCACTG

GTTAA'TCTAGAS®

a: Ndel, b: start codon, ¢: 6xHis, d: SUMOI, e: stomoxyn, f: stop codon, g: Xba I
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o] BEES A AR AL, His60 Ni Superflow Resin &
Gravity Columns (Takara, Japan)< A}-83}4] 6xHis-SUMOI-
stomoxyns 22 -GASEY. EEE ANx2F GyEdS
Bovine Serum Albumin (BSA)3} Bradford Reagent (Sigma
Aldrich, USA)E AH&-3te] 58 S ol F, &9
H Ax3 d Aol SUMO Protease (Enzynomics, Korea)S
AFEAA 30T, 6417 whet A g5t 6xHis-SUMOL-
stomoxyn2 6xHis-SUMO13} stomoxyn®. 2 &&| 3}t
SUMO Protease® # 2] g+ A 23 T8 H L western blotS
53] stomoxyn®] 6xHis-SUMO13} At Z £ = A=A
gelst At

Stomoxyn2| &y =0l

Stomoxyn2] ¥ &AL EU3}H7] $18) agar diffusion
assay % microtiter broth dilution assayZ 53 3} TF. Agar
diffusion assay™= Wl %%t Bacillus subtilise McFaland
Standard 0.5°l BtAl 34L& FATH T 2 pg/ple sto-
moxyn B A S FEEE 124 3435l AT 3]
28k FFE 1.5%((w/v) agars X3 LB Hj#| o] H5-o
2 59 OF, 7S ol Axd 9 ES Hrtsto
37Coll A 18A17F FRF v Fste] a+t A4S EstAth

Microtiter broth dilution assay 1% ¥4+ Bacillus
subtilis, Staphylococcus xylosus (KCTC 3342)9} 13 54
o<l E. coli IM83 (KCTC 2463) & Acromobacter sp. o5~
E AH83ste] 33t T LB brothe} A =% Tl Az 3
g #FE HUst 37Co A 18417 Wi Fgt oh5
Microplate reader infinite 200 PRO (Tecan, Swizerland)E
&3l 600 nm FANA FFE=E SAHSA nd= A
e geleainh

2

7oA 52 0|88 EGFP 7KL LAIHQ! 2UE &0l

125 5%+ Magenta box (Sigma, USA)Ol A F-+ 8] k(27
C, 16417t light, 8AIZF dark)H B8l &2 1/2 MSHI =] (1/2
MS salt, 20 g/l sucrose, 0.5%(w/v) agar, pH 5.8) ¥l &3
o} o] %, EGFP 14271 £o%F WEE 3 YAH0.6 um
gold particle, Bio-rad, USA)ol|l ¥3] A F& o] &3
2l Aol & thg olE Fb WSt ATH27C, dark).

olE H, gul d& Ze} RMOP HiA|(MS salt, 500 mg/l
spectinomycin, 100 mg/l myo-inositol, 1 mg/l thiamine-HCL,
1 mg/l 6-benzylaleneacetic acid, 0.1 mg/l 1-naphthaleneacetic
acid, 0.5%(w/v) agar, pH 5.8)° &7 8] F3FATH27C, 16
A1ZF light, 8417t dark). BHlS] QTS W ~E gFA BIA
o] S ethanol¥} acetic acidE 3:12] HI&Z 41 &0
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1A &< WFskidtt. ©1F, 94& LEICA DM 2500
Fluorescence Microscope (LEICA, Germany)2 ©]-83}<
EGFP 327} & A clA Eo] ==A gRlstatt.
o gl nE

5 HEN ARAE stomoxyn FEAL &

B Ao dFHELC] =2 stomoxyns AJ4Hs}7]
& &3 @Al 6xHis-SUMO1-stomoxyne AF-8-5+51
o, g3 S A2 WE Q] promoter®} terminator
%1 PpsbAS} TpsbA A7k Atololl ¥7] 2fall &F Eoll Xba |
ZI Ndel o A B4 AEHE H7FSF S (Macrogen,
Korea). Fig. 1A° 4] AAIg A Zo] pUCI9 HEo] HQ
g FAAE At Az HEHE e AFas
Ql EcoR 1 & A |3l stomoxyn A7} HE o] A3}
Al AJHA=AE &3 thFig. 1B).

6xHis-SUMO1-stomoxyn2| &

A3t WE oA Tl o] o] HER] Fels 3]
13l western blotS %133} %1 THFig. 2A). 6xHis-SUMO 2]
7] 12.2 kDa°]™M[4], stomoxyn®] Z7]& ¢F 4.2 kDa©]
2] 28 B2 qEE g Ee] 37+ 9F 164 kDa©|

CAFET 2T A FE23 8T v O
ol A HZEoll 22ol= 6xHis7t §lo] T o]

okt vhdE | stomoxynoll A= 843 Bl &&
FZolA g do] o /dE =7](16.4 kDa)2 T
< AR A LRHUT ol& IREA <] SDS-PAGE ¥
o= @il o) XSS H = arginined lysine 3]
10%°]/3 < o SDSe] At FFE Fof Dl Aol o4
H =718 A JERAl FTH18]. Stomoxyn- arginine
T} lysine o] 20%°]7] wjZof ol’F" Z7](16.4 kDa)
Bk 37|17t oxk & @iido] HdEAT I A S
ATH

—_—
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Stomoxyn2| 22| ¥ & &M

FAAE F E coliof A A3 TRl 6xHis-SUMO1-
stomoxyng T&EA|Zl T} His60 Ni Superflow Resin &
Gravity Columns (Takara, Japan)< AF8-3}¢] 6xHis-SUMOI-
stomoxyng A5 Th £33+ 6xHis-SUMO1-stomoxyn
o SUMOaseE 6417 A 2]3l4] 6xHis-SUMO1°] &7}
F91=A] western blot2. 2 2135} Th(Fig. 2B). Stomoxyn
S FHNA S HE NS g-helix®t 2548 =HE Cc
“ow e TH10]. =3 A7IAES Har o] BA
7148 As28-S T3l vhe|gof EH Faste] A
< G goH13]. o] gt 712E T3l stomoxyne 1
A, % A4, AP, BE ol I3 45 7
2] & d7olA = A= HE oA TFEo1X stomoxyn]

o
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o
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A EcoR 1 EcoR 1
— onl H TrmB H aadA ‘m 6xHis | SUMOI1 [ stomoxyn H TpsbA H trnA |-
) 1,431 bp ”
B EcoR1 -
(bp) M 1 2

< 6,551 bp
< 5,120 bp

<« 1431 bp

Fig 1. Construction of expression vector. (A) The schematic diagram of 6xHis-SUMO1-stomoxyn in pKSECI. #rn I, isoleucyl-
tRNA; trnA, alanyl-tRNA; Prrn16, rRNA operon promoter; TrrnB, terminator of 1B, aadA, aminoglycoside 3’- adenyl-
transferase gene; PpsbA, 5" UTR of psbA gene; TpsbA, 3" UTR of psbA gene. (B) The expression of 6xHis-SUMO1-
stomoxyn in pKSEC1. M, DNA size marker; Lane 1, cloning of 6xHis-SUMO1-stomoxyn into pKSEC1 (6,551 bp). Lane

2, double digestion of 6xHis-SUMO1-stomoxyn into pKSECIlwith EcoRI (5,120 bp, 1,431 bp).

A B SUMOaseh /- +/6h
1 2 3 4 1 5
kDa)y M (Da)
35 ... - .
28 ..
28
v «— 6xHis-SUMO1-stomoxyn
17 = «— 6xHis-SUMO1
=

Fig 2. Western blot analysis for detection of recombinant protein. (A) Analysis of expressed 6xHis-SUMO1-stomoxyn fusion
protein in Escherichia coli. The size of the expressed 6xHis-SUMO1-stomoxyn is about 16.4 kDa. There is no 6xHis
tag proteins in original E. coli. The fusion proteins expressed in soluble and insoluble part were detected using anti-His
antibody. Each lane was loaded with 20 pg of protein. M, Protein size marker (kDa); Lane 1, E. coli soluble protein;
Lane 2, E. coli insoluble protein; Lane 3, 6xHis-SUMO1-stomoxyn soluble protein; Lane 4, 6xHis-SUMO1-stomoxyn
insoluble protein. (B) Analysis of expressed stomoxyn fusion protein treated by SUMOase. The fusion protein of lane
1 was not treated by SUMOase. The fusion protein of lane 2 was treated by SUMOase, dividing into 6xHis-SUMO1
and stomoxyn. The fusion protein of lane 1 and lane 2 were detected using anti-His antibody. Stomoxyn was not detected

because it does not have a 6xHis. Each lane was loaded with 20 pg of protein. M, Protein size marker (kDa).
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Fig 3. Antimicrobial activity of stomoxyn against Bacillus subtilis. To test the antimicrobial activity of stomoxyn, the fusion
protein (6xHis-SUMO1-stomoxyn) were divided from 6xHis-SUMOI1 and stomoxyn by the treatment of SUMOase. A
minimum inhibitory concentration (MIC) of stomoxyn was shown between 0.25 and 0.5 pg/ul. The size of scale bar
was 5 mm. (A) control; (B) 0.25 pg/ul stomoxyn; (C) 0.5 ug/ul stomoxyn; (D) 1 pg/ul stomoxyn; (E) 2 ug/ul stomoxyn.

g S 15317 9130 agar diffusion assay 2 micro-
titer broth dilution assayS X133} Agar diffusion assay
ol 1= Bacillus subtilise McFaland 0.59] 7| F2.2 34
&lod LB wlj Aol HE-o2 =3 A3} 0.5 pg/ul stomoxyn
oM FE el e Aor I8 thFig. 3).

Microtiter broth dilusion assay+= 18 ¥ +<1 Bacillus
subtilis$} Staphylococcus xylosus (KCTC 3342), 138 &4
o< E. coli IM83 (KCTC 2463)8} Acromobacter sp.5 A&
ste] A3S X35t ATE Stomoxyne] minimum inhibitory
concentration (MIC)-2 Bacillus subtills®| A1 0.25 ug/ul, Sta-
phylococcus xylosus®1 A 1 pg/ul, E. coli IM8391A4 1 pg/pl,
Acromobacter sp. WA= 2 pg/ul o]Fo2 FJAsAG
(Table 2).

=43 B4 BEFE HALS FHA Hof A

2 A8A BEol mAAL i HE AL HAY 5

Table 2. MIC test of stomoxyn through microtiter broth dilu-
tion assay

Microorganism MIC (pg/ul)

Gram positive

Bacillus subtilis 0.25

Staphylococcus xylosus (KCTC 3342) 1
Gram negative

E. coli JM83 (KCTC 2463) 1

Acromobacter sp. >2

Chloroplast | C .

Fig 4. Confirmation of EGFP transient expression in chlor-
oplast. The expression of the EGFP gene delivered into

the chloroplast of plants was confirmed by fluorescence
microscope. A is a fluorescence emitted from EGFP.
B shows the red fluorescence emitted by chlorophyll.
C is a merger of A and B. Chlorophyll in chloroplast
emits red fluorescence at wavelengths between 680 and
750 nm when it receives a wavelength of 470 nm. The
yellow color in C represents the merged image of A
and B. The size of scale bar was 40 pm.
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