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Abstract

Royalisin is an antibacterial peptide previously isolated from the royal jelly of Apis mellifera. This peptide is toxic against a
broad range of gram-positive bacteria, gram-negative bacteria and fungi. Royalisin contains 51 amino acid residues with 6 cysteine
residues forming three intramolecular disulfide linkages, which may form a compact globular structure exhibiting high stability at
low pH and high temperature. In this study, royalisin was overexpressed in Escherichia coli AD494 (DE3) as a recombinant protein
fused with the C-terminus of oleosin by a linker polypeptide, intein S. Artificial oil bodies (AOBs) were reconstituted with
triacylglycerol and phospholipid to obtain the insoluble recombinant protein. Royalisin was subsequently released from artificial oil
bodies through self-splicing of intein induced by temperature alteration, and the recombinant royalisin was collected in the
supernatant after centrifugation. Recombinant royalisin released from artificial oil bodies was folded to the optimal structure with
its three intracellular disulfide bonds and exhibited high antibacterial activity. These results showed that the functional antibacterial
peptide, royalisin, was successfully expressed and purified via the efficient AOB expression/purification system.
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Fig. 1.

SDS-PAGE analysis of oleosin-intein S-royalisin overexpressed in E. coli. With or without IPTG induction, total

proteins of E. coli containing oleosin-intein S-royalisin were extracted, and then fractioned into supernatant
(sup-1) and precipitate (ppt-1). The ppt-1 was washed by wash buffer and collected by centrifugation. AOBs
were constituted with the pellet fraction (ppt-2) of the E. coli cell lysate containing oleosin-intein S-royalisin.
After constitution, AOBs were recovered from the top, and the remaining supernatant (sup-2) was collected by

centrifugation.
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Fig. 2. Tricine SDS-PAGE analysis of royalisin purified from AOBs. AOBs constituted with oleosin-intein S-royalisin
were induced for self-splicing of the intein linker by reducing the temperature from 25 to 4°C, and then
fractioned into the oil body layer (digest AOB) and supernatant (sup-3) by centrifugation. To check whether the
disulfide was reduced or not, the sup-3 was resolved in tricine SDS-PAGE without the reducing agent,
B-mercaptorthanol (sup-3/-B-mercaptorthanol). Native royalisin from Royal jelly was shown as 5 kDa.
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Table 1. Bacteriostatic and bactericidal activity of royalisin against 11 different animal and human-specific pathogens

Bacteria MIC (ng/mL) MBC (ng/mL)

Gram positive
Staphylococcus intermedius B 14 15
Staphylococcus xylosus 12 25
Staphylococcus aureus 0.8 5
Streptococcus alactolyticus 3.75 25
Paenibacillus larvae larvae -2 15

Gram negative
Vibrio parahaemolyticus 3 15
Salmonella choleraesuis 6 15
Citrobacter koseri NI NB¢
Klebsiella pneumoniae NI NB
hemolytic Escherichia coli NI NB
Pseudomonas aeruginosa 11 15

#Non Detect
®No inhibition activity
“No bactericidal activity
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A - TEEHA A BRETS IR 5 U R
Rl AT A 2R B AR o RIS - ZFTLL
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FALBERE (Peng et al., 2004) ° #F% Kiatt
BV EAEARIGIRE R % SR RIS
IR s G A &R E B LR
o ATREB A SE I IRIE DIRERIRE T © #5 R
BT ERPIRE OEIr B g MIER Bk
TSRS AR AU — i - S BURE R L HE
T o A SR M LR - FE K
TER ) RIHRE I & 1 Hi K M Sk g i A =
TR - A A 1 B R AR R
SyBRGRE N BIVE AR IERERY B 4T > HIRE

—HIER IR e (8 ) -

EERRBELERT 2 8 I E AU E ~ A5 TsEL T e
i EREER A - EFEET » £
5 A5 TRT HR B 3 i Tt 2 D g IR PR 7 3% IR
RE > JiD TEERBEAIIEEL 5 KL » R IE
1 S A TR B AR AR IR AR e B
FE RIS (Kadokura et al., 2003) © 1T
A - KIGEE AD494  » K
glutaredoxin reductase #l thioredoxin
reductase (Agor AtrxB) HYIRE @ ¥ 9l bR
(9 > Fir AEAIREE A 0] DU R PR S i
(Kadokura et al., 2003) °

JeRib e - KER WP & HE 2 M
GST-Rl & 8 HE R AR R W B &
1 8 F M E M L b (Skosyrev et al.,
2003) o fEAMFSEH » ERHURE AL R
2 AD494 (DE3) H LL oleosin-intein
S-royalisin il & & H 2T DL AER: =1 77 1
WEERREERI IR » 2 2 B ATHEY) R & K
AOB ° A LIFEHIRAEHEEHAGE intein S A

FREEEOZYREEFE 195



100 -
\ ) —&——  Staphylococcus intermedius B
e e Oevevene Streptococcus alactolyticus
W\ - ———w-——  Straphylococcus aureus
. 80 F [ X o —--=A-—-.-  Staphylococcus xylosus
X Q\ . — —8 — - Paenibacillius larvae larvae
S N -
P 1\ :
T
¥ 60 ‘
g \
3 |
)
o 40F
=
IS
©
14
20
0
0

Time (h)

B= =FRKBMHEFEEHER Ll 25 yg/ml RENEIERREARE » MBS ETREEAY 5 BERRBUE
MREXR - BT RNEEATRNFRET o
Fig. 3. Time-killing curve of royalisin assayed on 5 Gram-positive bacterial strains. Bacteria were incubating with 25
pg/mL of the recombinant royalisin for different time periods and survival rates of bacteria were counted. The
bacterial strains are marked with different symbols shown as in the figure.

100§ —@— Vibrio parahaemolyticus
\‘ o Salmonella choleraesuis
N —-¥— Pseudomonas aeruginosa

Relative Surival Rate (%)

Time (h)

B =FEKEMEFERHER L 15 uig/m RENERMEEARE  AHBESEAEREARN = E2F KRR
MEHR - BPTRNEEBTRNFRET
Fig. 4. Time-killing curve of royalisin assayed on 3 Gram-negative bacterial strains. Bacteria were incubated with 15
pg/mL of the recombinant royalisin fordifferent time periods and survival rates of bacteria were counted. The
bacterial strains are marked with different symbols shown as in the figure.
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ABSTRACT

Royalisin is an antibacterial peptide previously isolated from the royal jelly
of Apis mellifera. This peptide is toxic against a broad range of gram-positive
bacteria, gram-negative bacteria and fungi. Royalisin contains 51 amino acid
residues with 6 cysteine residues forming three intramolecular disulfide
linkages, which may form a compact globular structure exhibiting high
stability at low pH and high temperature. In this study, royalisin was
overexpressed in Escherichia coli AD494 (DE3) as a recombinant protein fused
with the C-terminus of oleosin by a linker polypeptide, intein S. Artificial oil
bodies (AOBs) were reconstituted with triacylglycerol and phospholipid to
obtain the insoluble recombinant protein. Royalisin was subsequently released
from artificial oil bodies through self-splicing of intein induced by temperature
alteration, and the recombinant royalisin was collected in the supernatant
after centrifugation. Recombinant royalisin released from artificial oil bodies
was folded to the optimal structure with its three intracellular disulfide bonds
and exhibited high antibacterial activity. These results showed that the
functional antibacterial peptide, royalisin, was successfully expressed and

purified via the efficient AOB expression/purification system.

Key words: royalisin, antimicrobial peptides, royal jelly, Apis mellifera, AOB

expression/purification system
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