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ABSTRACT KEYWORDS
Acinetobacterbaumannii, a major threatfor hospitalized patients, Acinetobacter baumannii;
intensive care units (ICUs) residents, military forces, is a public health Phospholipase D;
problem due to increasing rate of antibiotic resistance. Vaccination of Vaccine;
these risk groups may lessen occurrence and spread of infections. In the Immunity;
present study efficiency of phospholipase D (PLD), one of previously Humoral.

identitied virulence factors of A. baumannii, was evaluated as a vaccine
component. Polymerase chain reaction (PCR) was used to verify the
presence of PLD virulence gene in clinical isolates. The pld was
amplified, cloned and the recombinant proteini.e. rPLD, was expressed.
BALB/C mice were immunized with the recombinant PLD followed by
intraperitoneal challenge with lethal doses of 10® to 10 CFU of A.
baumannii. Experimental findings showed significantly higher average
survival rate of 95% in immunized mice than the control group. Rabbits
were immunized with the rPLD and the sera were used to determine its
efficiency in protecting unimmunized mice from bacterial
challenge.Average survival rate of 80% was achieved in challenged groups
with the same lethal doses used in active immunization challenges
compared with the control groups receiving naive rabbit serum. rPLD
was potentially effective in triggering a high antibody response and
protecting mice against A. baumannii.© 2015 Trade Sciencelnc. - INDIA

INTRODUCTION

A. baumannii, the most important member of ge-
nusA cinetobacter, wasrecognized asamajor cause of
nosocomid infectionssince 1970specidly intemperate
zoneY, A. baumannii habitat in the natural environ-
mentslikewater and soil hasnot yet beeninvestigated

precisaly, however rarereportsof itsisolaion fromthese
environmental samplesexist!d. Antibioticresistant clini-
ca isolates havebeen reported during thelast 15 years
asan outcome of abundant application of strong antibi-
oticsin health careinstitutions. According to World
Health Organization (WHO) data, A. baumannii has
generated aseriousadarm asmultidrug-resstant (MDR)
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pathogeninclinica environments?3. Non-susceptibility
of most i solatesto carbapenems, antibioticsof choice
intreatment of A. baumanniiinfections, hasresultedin
introduction of colistin asanewtherapeutic option™.
Unfortunately, prevalence of pandrug- resstant strains
has been reported recently’>" and new antibiotic against
the gram negative bacilli (GNB) has not been intro-
duced since2009. Thismicroorganismaso hasagrest
potential tosurviva and persstencein dry and disinfec-
tant treated surfaced?. These ahilitiesaccount for out-
breaksof A. baumannii infectionsinthe battlefields,
hospitals especially among ICU patients and
immunocompromisedindividuas. Secondary infections
suchasmeningitis, pneumonia, urinary tract, skin, blood-
stream soft tissue, central nervous system, boneand
wound infections are some of the A. baumannii asso-
ciated infection*2, It can cause about 28% to 68%
mortality in hospitdized severdyill patients?.

Severd virulencefactorsare associated withanum-
ber of pathogenic bacteriato promoteitssurviva and
invasion such asextracel lular polysaccharidesand pro-
teins, outer membrane proteins, toxins, and hydrolytic
enzymesi9. A few virulencefactors have beenidenti-
fiedin A. baumannii such asouter membrane protein
A (OmpA), biofilm-associated protein (BAP),
Abalautoinducer synthaseand penicillin-binding pro-
tein 7/8. Phospholipase D, aprotein existing in both
eukaryotes and prokaryotes*2, hasbeen determined
asakey virulencefactor contributing to A. baumannii
devel opment insidethe host!*®!. Phosphoalipidsrefer to
heterogeneous classof enzymeswhich can cleave host
membrane glycerophospholipidsester linkages'¥. A,
B, CandD letters, used in the nomenclature of phos-
pholipases, determinewnhich phospholipid bond targeted
by theenzymée™. Phospholipase D havedud activities
1) producing phosphatidic acid and afree polar like
choline, ethanolamineandinositol head group by phos-
pholipidssubstrate cleavage 2) phosphotransferring to
different alcohols to yield phospholipids?®?. A.
baurmannii res tanceto avariety of antibioticsand their
extraordinary potentia tosurviveinhospitashavedravn
globa attention tofinding effective preventive methods
of thislife-threading microorganism. Vaccinationisan
approach which can reduce both occurrence of A.
baumanniiinfections and antibiotic use in risk
groups®. Efficiency of severa single antigenssuch

BioTechnology — ammm—

asouter membraneprotein A (OmpA)©8, thebiofilm
associated protein (Bap)* and asurface autotransporter
(Ata)!?%, thesurface polysaccharide poly-N-acetyl-3-
(1-6)-glucosamine (PNAG)?Y and the capsular
polysaccharide?? and al so multi-component vaccines
likewholebacterid cdl® and membrane complexes®,
has been investigated in the animal models. Although
some of these candidates represented themselvesas
qualified ones, no vaccine has been licensed for A.
baumanni[*9. Attempts should be madeto arrive at
better vaccine candidateswith least drawbacks. Im-
portanceof PLD for destroying host epithelid cdl mem-
branesand A. baumannii resi stance to host serum has
been provenin murinemode §13%1, Thework presented
herewas designed to evaluate A. baumanniiPLD po-
tentia asaprotectiveantigen for vaccinedevel opment.

EXPERIMENTAL

Identification of conserved regions in A.
baumannii phospholipase D

The sequence of A. baumanii ATCC19606 phos-
pholipase D with accession number DOCG26 wasre-
trieved from a protein database,UniProt (http://
www.uniprot.org/), in FASTA format.

Theseguencewasandyzed usng SMART (Smple
Modular Architecture Research Tool) availableathttp:/
/smart.embl.de/?, Thisonlinesoftwareidentifiesand
interprets protein domains. The sequencewasthen sub-
jected to blastp against non redundant protein sequence
(nr) Database with A. baumanii as a sel ected organ-
ism in NCBI server http://blast.ncbi.nlm.nih.gov/
Blagt.cgi. Theresulted sequencewith acoverage>50%,
identity> 50% and E-value <10-4 were sel ected and
digned withmultiplesequencedignment tool PRALINE
http://ibivu.cs.vu.nl/programs/prainenww/1, Theam
wasto find conserved sites at the identified domain
positionsamong aigned sequencesused in primer de-
son.

Samplecollection and processing

Inorder to recognize pld geneinclinicd isolates, a
total of 88 isolateswere obtained from patients of dif-
ferent hospital wards located in Tehran, Iran.
Confirmativeidentificationwasperformed by biochemi-
cd tests. The DNA samplesfrom A. baumanniiisolates
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were prepared by heat lysismethod. The strainswere
growninBrain Heart Infusion (BHI) for 24hat 37 °C.
About six colony forming unitswere pi cked and placed
into 500 pl sterile DNase/RNase-free water. Subse-
quently suspensionswereheld at atemperature of 100
© for 10 min to thermal lysis of cells and then chilled at 4
°C. After centrifugationat 14000 xgfor 2 min the su-
pernatant was used as DNA template. PCR wasused
to check for the presence of pld genewith the use of
the specificprimers, designed according tother binding
to two short stretches of sequencethat arerelatively
well conserved within A.baumanniipld
genes,(F:GCATAACAAGAGCTTTATTGCTG,
R:AAGTTAAATGAACCGATAAAAACC(. The
primersfor amplification were designed with oligo7
software. Theamplification reaction wasperformed as
follows: initid denaturation a94 °C for 30 s, 30 cycles
of denaturation at94 °C for 30 s, annealing 56 °C for
40 sand extension at72 °C for 40 s, final extension
step at 72 °C for 5 min. PCR products were detected
by subj ecting asamplefrom each reaction tubeto 1%
agarose gel dectrophoresi sstained with ethidium bro-
mide

Codon usageanalysis

Codon usage was measured using the codon ad-
aptationindex (CAl). The CAl vadueisan estimate of
optimal codonsusein aparticular genetoward highly
expressed genesin agiven genome?d. The codon us-
age Table of highly expressed genesof A. baumannii
ATCC 17978 and Escherichia coli K12 obtained
through the codon usage database website available at
http:/Aww.kazusa.or.jp/codon/. The CAl vauesfor
pld were calculated using CAlcal server (http://
genomes.urv.es/CAlca /)=,

Recombinant antigen production

Two primerswere designed for pld sequence se-
lected by insilicofindings. Initidly, theforward primer
(F: 5’ GACAGGATCCGGTTGTAGCACATTAC3',
containing a BamHI site and backward primer
(R5’AGCTCTCGAGTTACATAAAACCTTCGA3',
containing axhol site) weredesigned to amplify sgnd-
less 1518bppld sequence. Theamplification reaction
was performed asfollows: initial denaturation at94 °C
for 2min, denaturation at94 °C for 30 s, annealing 58
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°C for 60 s and extension at72 °C for 2 min, final ex-
tension step at 72 °C for 5 min. The 35-cycle PCR
productswere cut with BamHIand Xhol (Feramantas,
Denmark) and ligated to the BamHI and Xhol-digested
pET-32a(+) (Novagen Company, USA). Therecom-
binant plasmid wastransformedinto E. coli BL21 (DE3)
competent cells. Cloning was certified by digestionwith
thed oning regtriction enzymes. A singlecolony of BL21
(DES3) containing recombinant plasmidwasgrownin
5mL of LuriaBertani (LB) medium containingAmpicil-
linuntil OD, reached 0.5. Cell pelletsfromthe5mL
culturewereresuspendedin 1 mL fresh LB medium
and usedtoinoculate 1 L fresh medium. Cultureswere
grown with shaking (200 rpm) at 37°C to OD,,~0.6.
For high-level expression of PLD, induction by addi-
tion of Isopropyl B-D-1-thiogalactopyranoside (IPTG)
toafina concentration of 1mM was performed. The
cultureswereincubated at 37°C/250 rpm for 5 h. The
cellswere harvested by centrifugationat 4000 xg for
15 minutes. The pellet were re-suspended in10
mMTrisHCI containing the 8 M ureaas adenaturant
and 100 mMNaH,PO, (pH 8.0). The suspension was
sonicated for 10 x 30 sec on ice, and the supernatant
was separated from cell debris by centrifugation at
14000xgfor 20 min. The supernatant protein profile was
monitored by 12% SDS-PA GE to verify recombinant
PLD (rPLD) expression and the supernatant used to
purifyrPLD using nickel chelation affinity
chromatography. The expression of recombinant pro-
tein was contirmed by protein reaction with the anti-
His-tag antibody (Qiagen, USA) by Western blotting.
For Western blotting, rPLD was el ectrophoresed on
12% SDS-PAGE and transferred onto nitrocellulose
membranes and subsequentsteps were performed as
previoudly described®l. The purified recombinant pro-
tein concentration was determinedusing
thestandardBradford protein assay.

I mmunization of mice

Antiserato the PLD wereraised intest group of 25
male BALB/C mice (~20 g) purchased from Pasteur
Ingtitute of Iran. Each mousein thetest group wasin-
jected subcutaneoudy with 10ug of purified rPLD pro-
tein with complete Freund’s adjuvant (Razi institute,
Iran), on days 0. Booster doseswere administered on
days 15, 30 and 45 with the same manner except for
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incompleteFreund’s adjuvant instead of the complete
adjuvant. The control group wasinjected asthe pre-
ceding protocol except for PBSinstead of rPLD. Blood
sampleswerecollected fromtail-vein nickingfromthe
mice before starting injections and 10 days after the
eachinjection. Theantiserawerestored at “70 &%C
for enzyme-linked immunosorbent assay (ELISA)
analyses. Research was conducted in compliancewith
theAnimal WelfareAct and regulationsrel ated to ex-
perimentsinvolvinganimas. Theprinciplesstatedinthe
Guidefor theCareand Useof Laboratory Animaswere
followed®. Theanimal care protocol was approved
by Shahed University.

Indirect ELISA of sera

An indirect ELISA technique was used to
eva uateserum IgG antibody responsesto recognizethe
PLD antigen. 20ug of the purified rPLDwas coated
with 100 pl bicarbonate/carbonate coating buffer (100
mM, pH 9.6) in 96 well ELISA microplateand the next
steps was carried out according to
theprotocol previoudy described™¥except for serid sera
dilution which wasexamined up to 1:12800.

Challengestudy

LD, vauewasdetermined by infecting 5 groupsof
6 BALB/C micewith 10-fold dilutionsof A. baumannii
19606 ranging from 10°to 10° CFU/ml and analyzing
surviva databy Finney’s- maximum likelihood probit
technique®. A murine model of sepsiswas used for
bacterial challenge. Two weeks after thelast booster,
four groups of fiveimmunized micewereintraperito-
neally challenged with freshly prepared inoculaof A.
baumannii 19606 at 10°, 10°, 10" and 10 concen-
trations. Thefresh inoculawere prepared by growing
A. baumanniistrain overnight at 37°C in Tryptic Soy
Broth (TSB) broth and passaging it to mid-log-growth;
afterward bacteria cdllswerewashed twicewith phos-
phate-buffered saline and resuspended at the appro-
priate concentration. Unimmunized micewereexposed
to the same bacteria treatment as a control groups.
The number of deathsfor each group was monitored
for 7 days.

Invivoneutralization assays

Antiseratothe PLD proteinwereraisedinaNew
Zedand Whitemaderabbits (Razi ingtitute, Iran) asthe
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same procedure applied to micewith 100 pug of rPLD.
For neutralization assay™ groups of five micewere
intrapritoneal ly injected with lethal doses of 108, 10°,
10% and 10" CFU of A. baumanniimixed with 200 pl
of immunerabbit serum (diluted 1:800in PBS). The
mixture had previoudy been incubated for 30 minutes
at 37°C. In order to verify that natural antibodies in
rabbit serum do not offer any res stanceto A.baumannii
invivo, groupsof micereceived mixtureof lethal doses
of A. baumannii and normal rabbit serum ascontrol 24,
Theanima sweremonitored for mortaity for sevendays.

Satistical analysis

All gatigticd andyseswere performed using InStat3
and Prism6 (GraphPad Software). The data are ex-
pressed as mean +standard deviation (SD). One-way
ANOVA followed by Bonferroni’s post hoc multiple-
comparison testsdetermined statistical signiticance of
ELISA. Log-rank test was used to determineif num-
ber of viableand dead micevaried signiticantly. P val-
ues of <0.05were considered assigniticant.

RESULTS

I dentification of conserved regionsof A. baumanii
phospholipasegenes

Protein domain analyssby SMART reved ed that
PLDcdomainis present between amino acids435 and
461 and al so between amino acids 185 and 212 with
E-value of 0.000197 and 0.00832 respectively. Mul-
tiple alignments of A. baumannii attributed to PLD
sequencesusing PRALINE indi cated that two sequences
positioned at 189-197 (MHNKSFIAD) and the other
positioned at 449-457 (QV FIGSFNF) werewd | con-
servedregions.

PL D genedistribution in A.baumannii isolates

TheA. baumanniistrainsanaysisfor pld genesled
to detection of PCR products on agarose gel with the

expected sizeof 804 bp (Figure1). ThePLD genewas
detectedindl clinical isolates.

Codon usageanalysis

The calculated CAl values for pld gene in A.
baumanniiand Escherichia coli were0.75 and 0.704

respectively.
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Figure 1 : Gel electrophoresis of PCR products of pld
conserved regionin clinical isolatesof A. baumannii. Lanel:
Negative control (PCR without template), Lane2: Negative
control (Staphylococcus aureusgenomeasatemplate)L ane
3: positivecontrol (A. baumanniiAT CC19606genomeasa

template) Lane4-7 and 9-12: 804bpPCR productsL anes:
100 bpDNA ladder marker

Expression of recombinant protein

Thesignal-lesspld amplified by PCR wascloned
into pET32aand over expressedin E. coli (BL21DES3).
The SDS-PAGE analysis showed the presence of a
73.6 kDarPLD protein after inductionwith ImM IPTG
Ni-NTA chromatography purificationresultedinasingle
band of rPLD protein (Figure 2). Theexpression of the
recombinant protein was contirmed by western blot-
ting using anti-His-tag antibodies (Figure 3).
Antibody responseafter vaccination

Anindirect ELISA assay of polyclonal antibody
responsesagainst rPLD antigen showed enhanced lev-
elsof humoral response after the second booster (P <
0.01). No considerable antigen-specitic antibodies

could be detected in control mice sera atany time
ordilution (Figure4A).

Survival of challenged mice
LD, value for A. baumanniiATCC19606 was

P T —— s—— - .

—

Figure2: Expression and Ni-NTA puritication of recombi-
nant protein. Lanel: Protein weight marker. Lane2: Expres-
don of protein. Lane3: Fow-through. Lane4: Column washed
with buffer D (pH =5.9). Lane5: Column washed with eution
buffer (pH =4.5). Lane6: Column washed with M ESBuffer.

determined as 10’ CFU. In order to determine vacci-
nation efficiency in protecting micefrom|lethd infection
mice, vaccinated micewere challenged with different
lethal doses of A. baumannii. All vaccinated micein
experimental groups showed significantly (p<0.0001,;
log-rank test) survival rate. Whereasdl micein control
groupsdied within 24 hoursof inoculation (Figure5).

Invivoneutralization assays

Theantibody level raised againgt rPLDincreased in
thevaccinated rabbits(Figure4B). Neutralization test
was performed to determineif serafrom immunized
rabbits could protect naivemice against bacteria chal-
lenge AsshowninFgure6, dl experimenta micegroups
weresignificantly (p<0.05; log-rank test) protected. Al
micerece ving normal rabbit serum succumbed.

DISCUSSION
A. baumannii isanimportant health challengein

hospitals, especiadly inindividua streated with broad-
spectrum antibi otics, immunocompromised hostsand
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Figure3: Western blot analysisof rPL D using anti 6X-His-
tag antibody, Lanel: Protein weight marker, Lane2: rPLD

intens ve careunit patients harboring mechanica venti-
lator tubesand urinary catheters. Antibiotic resistance
mechanismsand virulencefactors makethismicroor-
ganism atroublemaker. PLD productionisoneof A.
baumannii natura propertiesthat may affect host cells
lysisand immuneresponses®!. Interest in prevention
and treatment of infectiousdiseases by antibody-based
therapiesisnow be ng reinvigorated by thewidedeve-
opment of drug-resistant pathogens. Most of the PLDs,
CL synthases, poxvirus envelope proteins, PS
synthases, tyrosil-DNA phosphodiesterase, Yersinia
murinetoxinand nucleasesare PLD superfamily mem-
bers which are present in various prokaryotes and
eukaryotesand exhibit variousfunctions. Bacterid PLD
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~—Sccond booster
First booster

=»&=Mean control

0D 450

& &S
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R L S R R «,"-’1'

Serum dilutions
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QD450
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~—Sccond booster
First booster

== Mean control

'»00 '3’& »"& NP .;')Q’QF .,,-’5"00 -??00 _-;\?’QQ
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Figure4: Speciiic IgG response to immunization with the
rPLD inmice(A) (P <0.01) and rabbit (B)(P < 0.001).

- -~ Mean control

= 10%10%and 10"
- 10"

100 |
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3
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Figure5: Activeimmunization against and challengewith A.
baumannii usingrPLD. Survival rateanalysisof vaccinated
(rPLD, n=5/group) and contral (adjuvant contral, n=5/group)
miceafter challengewith different dosesof the AT CC 19606.
L og-rank test analysisshowed that theimmunized micewere
signiiicantly protected against A. baumannii challenge
compar ed tothe contral (p<0.0001).

enzymesusudly belongtothePLDc 2 family. Invariant
characteristic of thisfamily isdoublecopy existence of
HxKxxxxD (HK D) motift®®, Thesehave been proved
that protein functional regionsare evol utionarily con-
served® and the consensus HK D motifsare essential
for PLD enzymatic activity®®. Inthisstudy after finding
PLD domainsin A. baumanii ATCC19606 and align-
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Figure6: Passiveimmunization against A. baumannii using
rPLD.Survival of mice infected with different doses of A.
baumanniiATCC 19606 mixed either with rabbit vaccine
serum (rPLDserum, n = 5) or rabbit naive serum (n = 5)
(1:800dilution). L og-rank test analysisshowedmicer eceiving
immunized r abbit ser umwer esigniiicantly protected against
A. baumannii challenge compar ed to thecontrol (p<0.05).
ment of currently available A. baumannii PLD se-
guencesonthe NCBI server with abovementioned cut-
off values, the most conserved sequencesin domain
areaswere selected. Of single antigen based vaccine
candidatedisadvantagesisthar ineffectivenessagainst
all straind®®. The presenceof pldinall isolatesisin
agreement with other studies statingharboring of pld by
virulent A. baumannii straing®!. Thewidely used CAl
valueisto predict geneexpressionlevels, rangingfrom
0to 1, corrdateswith cellular proteinlevelsand trans-
I ation efficiency™. Highly expressed geneswith com-
plicated fundamental functions of the cells, possess
higher CAI. High CAl level (0.75) of pldgenein A.
baumanniimay suggest pld asan essential genefor A.
baumannii survival. Existence of different codon us-
agesin geneticexchangeand itsabsencein our findings
implies non genetic exchange origin of thisgeng“44,
pldCAIl vdueof 0.704 in E. coli verifiesexistenceof a
few rare codonsand high-throughput gene expression
and rules out aneed for gene optimization2. Existence
of somerarecodons may even be useful becausethere
isahypothessthat trandational pausesdecreasingtrans-
lation rate prevent protein aggregetion and instability! 3,
Inthisstudy, rPLD lacking the secretion signa peptide
wasused. Thewe | characterized roleof signa sequence
is directing proteins to their functional locationsin
prokaryotes and eukaryotes. Proteins such as phos-
pholipasesand toxinsarevirulencefactors secreted by
thetypell pathway. Their signal peptidestarget them
to periplasmic and then extracel lular environments*4.
InE. coli, signa peptide contai ning recombinant pro-
tein can be targeted to membrane and rPLD have a
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potential to hydrolyzeavariety of E. coli membrane
phospholipids@. Moreover the presence of hydropho-
bic signal sequences can reduces stabilizationandin-
creasesthe aggregation tendency of protei n54, Anti-
genwithintrinsictertiary structure could dlicit strong
immunogenic responses. TherPLD was purified with
ureadenaturantsin thisstudy asthis processprevents
functional toxicity of rPLD intheanimal body. Urea
decomposes bioactive protein conformationd folding,
revershbility of whichisdifficult even after proteindiay-
s34, Inaddition to ureadenaturation other methods
likesitedirected mutagenes sinthe sequencescoding
PLD activesiteshavea so been carried out in Srepto-
myces chromofuscus and
Corynebacteriumpseudotuberculosisprior toitsclon-
ingl*24d, The EL1SA results showed highimmunere-
sponseinductionin BALB/c miceand rabbitsafter the
2"booster dose. In mice, antibody titerswere signifi-
cantly (p<0.001) increased after third booster. Inthe
mouse sepsismode used to characterize vaccine effi-
cacy, bacteriadisseminatethroughout the body shortly
after inoculation leading to animal deathin48 hi23. In
thisstudy signiticant protection was observed in immu-
nized mice against challengewith A. baumannii. The
immunized mice could tolerate as high as 1000<LDy,
with nofatality. 80% of theimmunized mice survived
10* xLD_ bacterial challenge which was asgood as
the protection achieved by Bap subunit vaccine under
similar challenge conditiong?. 20% reductionin pro-
tection upon ten-fold increased bacterid dose suggests
that higher bacterial oad may suppressthe host im-
mune response™. As expected there was no specific
antibody response or protection in the control group.
1:800 seradilution from rabbits vaccinated with PLD
protected al micewhen mixed with 10°(10<LD, ) and
10°(100xLD,) bacterial load. Thisprotection effect
declined to 60% using 10'%(1000xLD,,) and 10*
(10000%<LD, ) bacteria. Antibodiesa one can provide
relative protectiveimmunity against infection that may
partly be related to efficiency of opsonization in
deracination of infection[51]. The resultsare good
enough toexcludethe use of anti bodi esinantibody-based
therapiesof A. baumannii infuture. PLDasavirulence
factor of Neisseria
gonorrhoeaeandCorynebacteriumpseudotubercul osis,
was reported to have successfully been used for pro-
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tection against these bacterid**%052,
CONCLUSION

Inhibition of Phospholipase D could prevent A.
baumannii infection. Thisprotein has potential to be
usedin producing vaccineagainst A. baumannii.
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