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ABSTRACT

KEYWORDS

10-HDA (10-hydroxy-2-decenoic acid), an unsaturated medium-chain fatty
acid inroyal jelly, has been shown to possess biological activity in many
fields, including the prevention of cardiovascular disease, cancer, bacteria
and radiation. Inthis study, the antibacterial activity of 10-HDA
againstE.coli was evaluated. Meanwhile, the acting mechanism of 10-
HDA on E. coli was investigated by analyzing the growth, permeability,
and morphol ogy of the bacterial cellsfollowing treatment with 10-HDA.
The experimental resultsindicated 0.25 mg/ml 10-HDA could completely
inhibit the growth of E.coliwhich dissolvesin liquid Luria-Bertani (LB)
medium. Meanwhile, 10-HDA resulted in the leakage of alkaline
phosphatase, changedionic conductivity, and induced the respiratory
chain dehydrogenases into inactive state, When E. coliwere exposed to
1.0 mg/ml 10-HDA, the surface of the cells were roughand shrank
obviouslyobserved by atomic force microscope (AFM), indicating the
bacterial membranous structure was damaged severely. In conclusion,
the combined results suggested that 10-HDA may damage the structure
of bacterial cell membrane, which cause E.coli bacteriato die eventually.
© 2013 Trade SciencelInc. - INDIA
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INTRODUCTION

10-hydroxy-2-decenoic acid (10-HDA), amgjor
fatty acid component of royal jellyincluding amountsof
bi oactive substances, has been shown to have antitu-
mort:3, antioxidativeaction”, collagen production pro-
moting®, MM P-inhibitory!®, antimicrobial” activities.

Thepresenceof antimicrobid activityin RJsecreted
from the pharyngeal glands of the honeybee has been
documented for morethan 60 yeard®9. Theinhibitory
activity of RJagaingt both gram-pogitiveand gram-nega-
tive bacteriahas been demonstrated. Antibacterial ac-

tivity of ether-solublefraction of RJwasrather stronger
than that of raw RJ (containing 10-HDA). It was point
out that the main component of ether-solublefraction
was 10-HDA occupying 38% of total acids®. Thean-
tibacterid activity of 10-HDA against Bacillussubtilis,
Staphylococcus aureus, E. coli wasstronger than that
of theother C10fatty acids. Extractsof royal jelly as
well asitsisolated compound were studied for their
antimicrobid activity againgt Escherichiacoli. There-
sultsof thesetests showed theantimicrobid activity of
10-HDA against above straingd”.

Thestudiesof 10-HDA against E. colihave been
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reported, however, none of theinvestigation wasre-
lated to the antibacterial mechanism. Inthis paper, to
understand the acting mechanism of 10-HDA deeply,
we studied the mechanism of inhibition to E. coli by
10-HDA inthecelular levels. For thefirst time, we
offer evidencesto indicate that 10-HDA caninhibit
bacterid growthand evenkill thecd I sthrough destroying
bacterid membranousstructureand permesbility.

MATERIALSAND METHODS

Materials

10-HDA was purchased from Shangha Gongshuo
Biotechnol ogy Company limited (Shangha, China). The
10-HDA wasdissolvedin ethanol, and kept frozen &t -
20°C. The strains of Escherichia coli (CICC23657)
conservedinour laboratory. LB medium contained the
following: 5.0 g yeast extract, 10 gtryptone, and 10 g
sodium chloride. The solid medium was supplemented
with 2% agar in LB medium.

Assay for minimum inhibitory concentration of 10-
HDA

Theminimuminhibitory concentration (MIC) of 10-
HDA wasdetermined forE.coli by tubedilution method.
Different volume of LB medium10-HDA solution, and
strain suspension were added separately to tubes, re-
sulting in final concentration of 10-HDA of O,
0.062,0.125, 0.25, 0.5, and 1.0 mg/ml, respectively,
and concentration of 10°cfu/ml strainscells. Thecul-
tureswereincubated at37+0.5 °C and shaken at 150
rpmfor 18h. Then, 200 ul bacterial suspensions were
coated onthe solid-medium, and incubated at 37+0.5
°C for 12h, the number of colonies were calculated.
TheMICwasread asthelowest antimicrobia concen-
tration exhibiting no growth. Theexperimentswerere-
peated in triplicate on one occasion.

Effect of 10-HDA on thegrowth of E. coli

Growth curvesof E. coli exposedto 10-HDA were
determined based on theabsorbing vaueof OD .. E.
coliweregrownin LB medium and incubated overnight
at 37 °C. Then, 200 ul E. coli bacterial suspensionina
logarithmic growth phasewas prepared for an antibac-
terial test. 10-HDA solution was added to the cultures
with thefina concentration of 10-HDA for 4xMIC of
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E. coli. Thecultureswereincubated at 37 °C for 24h.
Theethanol solution hasno 10-HDA wasused as con-
trol. Thefinal concentration of ethanol added to the
liquid mediumwaslessthan 3% (v/v). Theantibacterid
activity was estimated periodically by measuring the
turbidity of the culture medium at 600nm with UV-vis
spectrophotometer (Rayleigh, UV-9200, Beijing,
China). Each batch experiment wascarried out intrip-
licate, and theresults were reported as an average of
threereplicates.

Examination of cell morphology by atomicforce
microscopy(AFM)

TheE. coliwerecultivated in sterilized LB medium
at 37! with shaking at 150 rpm. Thenthe cellswere
harvested inthelogarithmic phase at aconcentration
equivalent to an optical density at 600 nm (0D, nm)
valueof 0.1. Thesebacterial cellswerethen used for
further experimentsimmediately. Different volumeof LB
medium, 10-HDA solutions, and E.coli cells were
addedto 10ml culturesresultinginfina concentrationis
1.0mg/ml of 10-HDA (4xMIC) and 10”cfu/ml of E.
coli. Control experiment was conducted in absence of
10-HDA.. The cultureswereincubated at 37+0.5 °C
with shaking at 150rpmfor 12h. Thecultureswerecen-
trifuged and the preci pitumwere used for observation
by atomic force microscopy (Asylum Research,
America).

Effect of 10-HDA on theleakageof alkalinephos-
phatase of E. coli

To determinethe effect of 10-HDA on theintegrity
of the outer membrane of E. coli, theleakage of dka
line phosphatase (AKP) inthe suspensionliquid after
10-HDA treament were detected. Aftercentrifugating
the E. coli suspens onsof thelatelogarithmic phase,
0.85% sdinewashing, different amountsof fresh serile
LB medium,10-HDA and cellswere added into 10ml
steriletest tube. To makethefina concentration of 10-
HAD is1.0mg/ml andfinal concentration of E.coli is
10Pcfu/ml. Control experimentswere conducted with-
out 10-HDA. The cultureswereincubated at 37+ 0.5
°C with shaking at 150 rpm for different time. Then the
cultureswere centrifuged at 8000 rpm for 5 min, and
the supernatants were used to detect alkaline phos-
phatase. TheAKPlevelswere analysed by disodium
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phenyl orthophosphate method.

Effect of 10-HDA on theelectrical conductivity of
E. coli medium

E. colisuspengonsinthemiddleof logarithmic phase
werecentrifugated. E. coli cdllswerewashed twicewith
0.5% sterile glucoseisotonic solution, and were sus-
pended by isotonic solution. 10-HDA solution of
4xMIC was added into the suspensions. Meanwhile,
the blank control and the negative control were set up.
Thecultureswereincubated at 37+0.5 °C with shak-
ing at 150rpm. At different time, 5 ml of thesecultures
were centrifuged at 8000rpm for 5min, and the super-
natantswereused to detect theelectrical conductivity
by conductivity meter.

Effect of 10-HDA on enzymatic activity of respi-
ratory chain dehydrogenasesin E. coli

The dehydrogenase activity was determined ac-
cordingtotriphenyltetrazolium chloride (T TC) method.
Under physiological conditions, colorlessTTCisre-
duced by the bacterial respiratory chain dehydroge-
naseto ared formazan; thus, the dehydrogenase activ-
ity can bedetermined by the change of the spectropho-
tometric value of TF. In this text, 1ml E. coli
suspens onsof thelatelogarithmic phasewith 2ml Tris-
HCI buffer (0.05mol/L pH 8.6), 2ml glucose solution
(0.1mol/L), 2ml triphenyltetrazolium chloride
(TTC,Img/ml) solutionwereadded into Steriletest tube.
10-HDA solutionsof different concentrationweremixed
with above. Experimentswere conducted in absence
of 10-HDA asthecontrol. Cultivationswere performed
at 37+0.5! for 5h, and added 0.1 ml H2SO4 ineach
tubeto stop the reaction. Toluenewas used to extract
the product from each tube. The dehydrogenase activ-
ity wasthen cal cul ated according to the maximum ab-
sorbance of triphenylformazan (TF) at 490 nm by UV
spectrophotometer.

RESULTS

Assay for minimum inhibitory concentration of 10-
HDA

We used tube dilution method to detect the mini-
mum inhibitory concentration (M1C) of 10-HDA for
E.coli.Asshownin TABLE 1, when theconcentration

of 10-HDA was0.25 mg/ml, no growth of E. coli could
be detected, indicating theminimum inhibitory concen-
tration (MIC) of 10-HDA to E. coli was0.25 mg/ml.

TABLE 1: The minimum inhibitory concentration of 10-
HDA (MIC)

10-HDA concentration {mg.mi™*}
10 05 025 0125 0.062 O
E. coli CICC23657 [/ / / + ++

Notes: “/” showed no colony growth; “+” small amount of colo-
nies growth; “++” a large number of colonies growth; “+++”
showed that colonies densely covered the plate
Growth curveof E. coli exposed to 10-HDA
Thegrowth curveof E. coli treated with 10-HDA
wasshowninFgure 1 by measuringoptica density a
600 nm. The growth curve of E. coli included three
phases: |ag phase, exponentia phase, and stabilization
phase. However, decline phasesin each growth curve
could not be reveal ed because we only assayed the
total numbersof bacteria, induding liveand dead ones,
based on the value of OD,,,. Under absence of 10-
HDA, E. coli reached exponentia phaserapidly. But
exposed to 1.0mg/ml of 10-HDA,, E. coli cellsgrowth
werelagged to 15h, which prolonged thelag phase of
E. coli, and the concentration of E. coliwaslower than
blank control and ethanol control inthe stabilization
phase. Thisresult indicated that 10-HDA could effec-
tively inhibit the proliferation and growth of E. coli.
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Figurel: Growth curveof E. coli exposed to 10-HDA
Effect of 10-HDA on thecell mor phology of E. coli

The micrographs of E. coli cellstreated and un-
treated with 10-HDA by AFM weredisplayed in Fig.
2. Micrograph by AFM showed the surface of normal
E. coli cellsand that with ethanol treated control were
smooth and showed typical characters of rod shape,
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and itscell wallswere compact and intact (Figure 2A,
aand B, b). After treated with 1.0 mg/ml 10-HDA for
5h, E. cali cellsmembrane components becamedis-
organized and scattered fromtheir original ordered, and
thewholecdsturned thinand shriveled, suggesting cdlls
were damaged severely (Figure 2C, ¢). It ispostul ated

Normal

10-HIDA

that thedebrisoriginatesfrom the periplasm. Theabove
result indicatesthat, after actingwith 10-HDA, thecell
membraneor cell wall of bacteriawas destroyed, per-
meability of the cell wasincreased and theinner con-
tentswere much leaked, thusleading to degth of bacte-
rna

Ethanol

10-HDA

Figure?2: Effect of 10-HDA on E. coli ceIIsobservedﬁ by atomic forcemicroscopy(AFM). E. coli cellswer etr eatedwith Img/
ml 10-HDAfor 5h (C).A, B werenormal E. coli cellsand the cellstreated with ethanol ascontral, respectively. a, b, cwere
three-dimension graphcor respondingtoA, B, C, respectively (scanning area Sumx5pum)

Effect of 10-HDA on theleakageof alkalinephos-
phatase (AKP) of E. coli

Alkaline phosphatase (AKP) exists between the

BioTechnology —

outer membraneand inner membrane of bacteria, and
theintegrity of cell wall could beidentified by detecting
theleakage of AKPinthebacterial suspensionliquid.
Results showed that in starting time, almost noAKP
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could be detected to leak from bacterial cellsby 10-
HDA. Whilethe leakage amount of AKPfrom cells
began toincrease after trestment with 10-HDA for 180
min, and it wasincreased with the passage of time (Fig-
ure 3), suggesting that 10-HDA could destroy bacteria
cell wall and enhance the membraneleakage of AKP.

0.2
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0
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Img/ml 10-HDA M Full broken control

Figure3: Action of 10-HDA on theleakage of alkalinephos-
phatase of E. coli

Effect of 10-HDA on theeectrical conductivity of
E. coli medium

To determinethe effect of 10-HDA on the perme-
ability of bacterid cell membrane, wedetected thedec-
trical conductivity of E. coli medium. It was showed
that thed ectrica conductivity wassgnificantly increased
after E. coli weretreated with 10-HDA (1.0 mg/ml)
for 15 min compared to the blank control and ethanol
control, and there was no obviously changed with the
passage of time (Figure4). Theresultssuggested that
10-HDA could enhancethe permeability of bacterial
cdl membrane, whichresulted intheleskageof theions
and smal moleculestoinducethecellsdesth.
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Figure4: Effect of 10-HDA ontheelectrical conductivity of
E. coli

Effect of 10-HDA on respiration chain dehydro-
genases of E. coli

Theeffect of 10-HDA on respiration chain dehy-
drogenaseof E. coli wasshowninFigure5. Activity of
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respiratory chain dehydrogenasesin normd E. coli cdlls
and that with ethanal trested control washigh (A/490nm
>1.0) after incubationfor 5 h. Whilethe cellstreated
with 0.25mg/ml 10-HDA, the enzymatic activity re-
duced obvioudy compared to the control (A/490nm =
0.633). And theenzymatic activity of cellstreated with
0.5mg/ml 10-HDA was even lower than that of cells
treated with 0.25mg/ml 10-HDA.. After being treated
with .0mg/ml 10-HDA, theenzymétic activity amost
fdl tothebottom, maintaining fecbleactivity during treat-
ment for 5h (A/490nm = 0.022). Theresultsindicated
that theactivity of repiratory chain dehydrogenases of
E.coli could beinhibited by 10-HDA, and the higher
concentration of 10-HDA, thelower theactivity of en-
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Figure5: Action of 10-HDA onrespiration chain dehydroge-
nasesof E. coli.Data areaver agefrom duplicateexperiments.
Error barsrepresent standard deviationsof duplicateincu-
bations

DISCUSSION

The growth curve of E. coli exposedto 10-HDA
indicated that 10-HDA couldinhibit thegrowth andre-
production of E. cali. A minor amount of 10-HDA could
prolong thelag phaseof E. coli. Until the concentration
of 10-HDA wasupto 0.25mg/ml, E. coli celsof 10°cfu/
ml were completely inhibited, and then theMIC of 10-
HDA was0.25 mg/ml inthiscondition.

To understand the antibacteria mechanism of 10-
HDA, wesdected E. coli asmodd to study theeffect of
10-HDA onthe permeability and the membrane struc-
tureof E. coli cdls. Itiswell known that E. colipossess
anouter membraneouts dethe peptidoglycanlayer which
Isto serve asasdlectivepermesbility barrier, protecting
bacteriafromharmful agents. Thelipid bilayer of outer
membraneisasymmetric: theinner leaflet mostly con-
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tainsclose-packed phosphoalipid chains, whilethe outer
leaflet is composed of the lipopolysaccharide (LPS)
mol ecules. Evidencesfrom geneticand chemica experi-
mentshave provedthat the LPSlayer of the outer mem-
braneplaysan essentid rolein providingasdective per-
meability barrier for E. coli. And LPS structurescould
increase permeability compared with that of nativecells
(Amroeta.2000). Our experimentd resultsshowed that
10-HDA apparently enhanced the permeshiility of mem-
braneresultedinamountsof theionsand smdl molecule
leskagein cdls. Soit could beconferred that turbulence
of membranouspermesbility would beanimportant fac-
tor toinhibit the bacterid growth.

Additiondly, our resultsof experimentsshowed that
the activity of respiratory chain dehydrogenasesinE.
coli might beinhibited by 10-HDA; thehigher concen-
tration of 10-HDA,, thelower theactivity of enzymes.
Itisassumed that 10-HDA may break through barrier
of outer membrane permeability, peptidoglycan and
periplasm, and destroy respiratory chain dehydroge-
nases, furthermoreinhibiting respiration of cells.

From theAFM, wefound E. colitreated with 10-
HDA weredissolved and dispersed, andtheir membrane
components became disorgani zed and scattered from
their origina ordered and closearrangement. Cell mem-
branewasdisaggregated and lost their intring cfunction.
These phenomenasuggest poss bleantibacterid mecha:
nismsbywhich 10-HDA inhibit bacterid growth, aswell
ascdlular responsestothe 10-HDA treatment.

Based on the present research, the action modd of
10-HDA may be described as10-HDA making abresk
through the permesability of outer membranefirstly, re-
sulting intheleakage of cellular materias. Secondly,
10-HDA enterstheinner membraneandinactivatesres-
piratory chain dehydrogenases, thusinhibiting respira:
tion and growth of cells. Simultaneoudy, 10-HDA may
affect some proteins and phosphate lipidsand induce
collgpse of membrane, resultingin cell decomposition
and death eventually. Taking into account themobility
of 10-HDA into cellsand their fatein abioprocess or
evenintheenvironment, therisk aspectsfor the appli-
cationinlarger scdesand in theenvironment should be
strengthened infuture study.

ACKNOWLEDGMENTS

Thiswork was supported by grantsfromthe Na-

tional Natural Science Foundation of China (No:
31171727 and 31201281)

REFERENCES

[1] GFTownsend, J.F.Morgan, B.Hazlett; Activity of
10-hydroxydecenoic acid from Royal Jelly against
experimental leukaemia and ascitictumours. Na-
ture, 183, 1270-1271 (1959).

[2] M.Nakaya, H.Onda, K.Sasaki, A.Yukiyoshi,
H.Toshibana, K.Yamada; Effect of royal jelly on
bi sphenol A-induced proliferation of human breast
cancer cells. Biosciences, Biotechnol Biochem, 71,
253-255 (2007).

[3] D.Vucevica, E.Méellioub, S.Vasilijica, S.Gasica,
P.lvanovskic, I.Chinoub, M.Coalic; Fatty acidsiso-
lated fromroyal jelly modul ate dendritic cell-medi-
ated immune response in  vitro.
Intlmmunopharmacol, 7, 1211-1220 (2007).

[4] T.Nagai, R.Inoue, N.Suzuki, T.Nagashima; Anti-
oxidant properties of enzymatic hydrolysatesfrom
royal jelly. JMed Food, 9, 363-367 (2006).

[5] H.M.Park, E.H.Wang, K.GLee, S.M.Han, Y.Cho,
S.Y.Kim; Roya jdly protectsagainst ultraviolet -
induced photoaging in human skin fibroblasts via
enhancing collagen production. JMed Food, 14,
899-906 (2011).

[6] X.Y.Yang, D.S.Yang, W.Zhang, J.M.Wang, C.Y.Li,
H.Ye, K.F.Lei, X.F.Chen, N.H.Shen, L.Q.Jin,
J.GWang; 10-Hydroxy-2-decenoic acid from Royal
jelly: A potential medicine for RA.
J.Ethnopharmacol, 128, 314-321 (2010).

[7] E.Mélliou, I.Chinou; Chemistry and bioactivity of
royal jelly from Greece. J. Agric Food Chemis, 53,
8987-8992 (2005).

[8] S.Eshraghi, F.Seifollahi; Antibacterial effects of
royal jelly on different strains of bacteria. Iran
J.Public Health, 32, 25-30 (2003).

[9] L.Boukraa, A.Meslem et a.; Synergistic effect of
starch and royal jelly against Staphylococcus aureus
and Escherichia coli. J AlternComplem Med., 15,
755-757 (2009).

[10] N.A.Amro, L.P.Kotra, K.Wadu-Mesthrige,
A.Bulychev, S.Maobashery, GLiu; High-resolution
atomic force microscopy studies of the Escheri-
chia coli outer membrane: structural basisfor per-
meability. Langmuir, 16, 2789-2796 (2000).

BioTechnology —

Hn Tudian Jounual



