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Selecting an appropriate antigen with optimal immunogenicity
and physicochemical properties is a pivotal factor to develop
a protein based subunit vaccine. Despite rapid progress in
modern molecular cloning and recombinant protein
technology, there remains a huge challenge for purifying and
using protein antigens rich in hydrophobic domains, such as
membrane associated proteins. To overcome current
limitations using hydrophobic proteins as vaccine antigens,
we adopted in silico analyses which included bioinformatic
prediction and sequence-based protein 3D structure modeling,
to develop a novel periodontitis subunit vaccine against the
outer membrane protein FomA of Fusobacterium nucleatum.
To generate an optimal antigen candidate, we predicted
hydrophilicity and B cell epitope parameter by querying to
web-based databases, and designed a truncated FomA
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(tFomA) candidate with better solubility and preserved B cell
epitopes. The truncated recombinant protein was engineered
to expose epitopes on the surface through simulating amino
acid sequence-based 3D folding in aqueous environment. The
recombinant tFomA was further expressed and purified, and
its immunological properties were evaluated. In the mice
intranasal vaccination study, tFomA significantly induced
antigen-specific IgG and sIgA responses in both systemic and
oral-mucosal compartments, respectively. Our results testify
that intelligent in silico designing of antigens provide
amenable vaccine epitopes from hard-to-manufacture
hydrophobic domain rich microbial antigens.

Key words: subunit vaccine, antigen design, periodontitis,
Fusobacterium nucleatum, FomA
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279 o 798 Aeae gy oy mAET Y 5
2 faEe ddtor &
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[15-17]. AFHE] 2 714 A& &3l vlo] e & 7]
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Fusobacterium nucleatum®] 7101 5+= v]$- 2 702 &
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ooyl At AHA Y] v YA SO R Qe =2
aE Zk= Wl e ods] sty ey F
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o]-g-3h= opck$] WAl(subunit vaccine)®] 7HEte]l 3t
T7F Eeict 1j % 548kl FomA W
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f474 DNA S5 W RUR 56l A8E F
nucleatum ATCC 10953 =7+ 0.5% yeast extract (BD,
Franklin Lakes, NJ, USA), 0.05% cysteine (Sigma Aldrich
Co., St. Louis, MI, USA), 10 pg/ml of hemin (Sigma
Aldrich Co., St. Louis, MI, USA)°] F7}# tryptic soy
broth (BD, Franklin Lakes, NJ, USA)°l4 37°C &7|4
270 (85% Ny, 10% Hy, 5% CO,)O.2 AWk a1glt
[31]. EgAv=rt 443 @ g7+ 100 pg/ml
ampicillin®] 3&-¥ Luria-Botani (BD, Franklin Lakes, NJ,
USA) gHduj#]ellA] f-4]3}3i
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Table 1. Bacterial strain, plasmids and nucleotides

Strain, plasmid

Characteristics Source

E. coli strain
ER2566

F fhuA2 [43] ompT lacZ::T7 genel gal sulAl1 (mcrC-mrr) 114::1S10

New England Biolabs, Inc

R(mer-73::miniTnl0-TetS)2 R(zgb-210::Tn10)(TetS) endAl [dem]

Plasmid

pTYBI2
protein is a fused intein tag; Ap"

N-terminal fusion expression vector in which the N terminus of a target

New England Biolabs, Inc

* Ap', ampicillin resistance.

AERERT 7 dA g o5 4 YA

F. nucleatum FomA ©}1]=At *1‘?3_01] st 74 o
5 tFomA I F9E AYsty] {8t Fo nucleatum
ATCC 10953¢] FomA ©}7]i=Ab A%< Unitprot E]0]E]
H|o] A (http://unitprot.org) = 5-E] & 53}3 Thaccession ID:
EMBL:EDK88768.1). £153t A% FomA ofv|:=Ail A4
of oIt XA o5S Iske] Swiss Bioinformatics
Institute| 4]  +Y3k= ExPasy T2 do]E{wo] A 9]
Protscale tool (http://web.expasy.org) Hydrophilicity scale
derived from HPLC peptide retention times[32]5 Z%]-23}
oM, cutoff gh 212578 A-&3loith 59 3
d AEAE T AlECA AlFshE JAVA ofEES
o]-g-sto] AlZ}s} shick

F. nucleatum FomA olv|:-Al Ae] ot B €
NHEZ o5 WA o] BEH tFomA I FHE
A74et7] 918kl FomA o)At A& m]=r National
Institute of Allergy and Infectious Disease®l|*] #|&3H=
Immune Epitope Database and Research tools (IEDB)S] B
HIF UEX oF =5 o] &33it) olF 7P d
2] AF2-¥+= Bepipred Linear B cell epitope prediction &=
33, 34] (http://tools/immuneepitope.org/beell/)E  ©]-&-3}
o] B §1XF IEX 7FsAE A5tk A5 A
T & ARlECA AlFskE JAVA ol ERE o]&-stod
A Z+3l sFAT.

AW FomA(tFomA) $HA LS o]g3t iz 331
T2 o5 A% FomA of tf }01 473 9 B fHEA o
Y EZ of| 5 AA4EE A E Hlaste] PR e A3
THE AAsta dld ofv|xAr MES P Imperial
College London®]  Structural Bioinforrnatlcs Group 2]
Phyre2 [35] T-Z=dl5A] 2~ Bl (http:/www.sbg bio.ic.ac.uk/servers/
phyre2/html/page.cgi?id=index)< ©]-&3afo] @zl x5}
(protein database, pdb)s A/J3stATt. G5 pdb Y
o] ANZ3h= 59U Schrodinger AHMannheim, Germany) ]l
A A FEE QA EduPymol 1.6 AZE ]S o] &
sto] A1Zks} sholth A1Z4bsl &, B 9T o9 EX A

7} =4 S5 Fit2 vHERY 0 7 U] o= 25
Ao 7 MG QlEA 3 A Y EX F9] ¥y
LZ A5E At
tFomA A Z¢ ¥ A FF 7= L FA

S A=

é?ﬂ% Skl PCRi Olﬁ? Rl
A 2R T HAATE TStk S22 28
5-et iB}OlUi(5’-CATATGTGGTTATGCCTGCCCCCAC
TCCG-3") ¥ 3°-Tet o] H(5-GAATTCGGCATTCAC
TTTGCCCGTGGC-3’) &= ©]§31%1 2 H, PCR 3 &4t
2 F. nucleatum ATCC 10953 3415 ARESISITH31].

PCRE &3l E5% 5] YA otz A A7)
%457 DNA A7|MFEA S Fall Rlsiion, o=
New England Biolabs AKIpswich, MA, USA)9] pTYBI12 &
ghanto] F2Y Sty F2YE pTYBI2:tFomd =
gAan| =S SARe] W oS ER2566 ol Bio-
Rad AHContra Costa, CA, USA)9] E. coli PulserE ©]-&3}
o] A717] FAASE Fall =atlon, FAHse] A
SOl FEYel| ARESH PCR Zo|Hgs o] &3t
PCR= %“’Jﬁ}‘?iﬂr. T5E O 75 olgd AxF
tFomA 12 wa 1 A A= NEB A}2] IMPACT-CN *~
FEF| wpe} Al 75¥ 2 FomA W ol
T 100 pg/ml ampicillin®] X3 LB brothol] 37T,
200 rpmOZ HHL [ Wik $ AlZE 100 pg/ml
ampicillin®] 3%+ LB brothel] 1:100 H| &= AHF 3}
37°C, 200 rpm & wFstsict vieFe) 2] 600 nme-3 %=
7} 0.80] H e wl, Az Sl Bl fisk] 9
3l 0.1 mM IPTG (Sigma Aldrich Co., St. Louis, MI, USA)
= H7KE &, okl S 20°C, 200 ipm FOZ 244]7F
Lol e Hjek &) AAE wmAo o)L 9]}
10% SDS-PAGES ©]&ate HAlE o] Eargs
SAsF¥F o, & F nucleatum V-2~ HHE o]g-3t
Western blotting ©. = A &1 3}t & F. nucleatum V-
2 AL 03% formalin© = &3} A]71 5 X 10°CFU2]
F. nucleatum ATCC 10953 w5 7} vh-49] 9)8f 4=
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& BalB/C PF-2((F)22dERo| 2, A7|% A, digt
=g AMEskelen, 7F Folitd suig] o] vhe-AE AL
aelth HF WY 14 &, 2478 mhe 2R E A
Rl AEE AFsto] F9 HAEA ol ARSI
A FH A2 500 pg/ml 59 Isoto Carpine® (Novartis,
Bassel, Switzerland) 100 pl& W& w40 E74F =2 A
Fato] AHNNAL BE AT Addsty FEA
&893 o] 7ol seielef wet AlgYskeict.
tFomA A3 TS o] &3t g 5ol A I
A g2 tFomA ©HE AT, FlaB S5 7A
tFomA &3 Fol w225 Y 242 AF e A
N7} A& o]g3sto] tFomA 5ol A A&
ELISAY S o]-g-ato] Blwagitt. & A4%19 7]& B
oA 53 ELISA A3RS 33t Agshale
t[29], ELISAE- 1 pg/mle] tFomAE coating &9 ©. % 4°C
of| A 24A)7H5¢F A X313 tE ELISAS- plateS A% 3t 3
0.5% BSA (Sigma Aldrich Co., St. Louis, MI, USA)%} 1
mM EDTA (Bioneer, th4, th3il=)), 0.05% Tween 20
(Amresco LLC, Solon. OH, USA)°] 338+ blocking ¥
£ A7bete] Ad2olA 1A1ZE BRI 5319 AlH %
ANF s 7t A 25 Ats]Aste] ELISA plateo] F713kaL
A FRbel A A2 AAEATE AFEE 24F o m =
horseradish peroxidase”} HEE & v 1gG 2 IgA
(Southern Biotech, Brimingham, AL, USA) d3& o] &3}
o] 1AZE FRF A2 Wk skglon, WAS flste] 7H7)
30 e T™MB 714 (3,3°5,5 -tetramethylbenzidine, BD,
Franklin Lakes, NJ, USA)= A 2|8}3it} A2 55
9] 1 N H,SO4E ©]-&-3to] JAIA%Z1 2™, SPECTRA MAX
190 5357 7] (Molecular Devices Corp., Menlo Park, CA,
USA)E ©]g3to] 450 nmellA1 9] S35 S8t

o = Io off

o

A 4

A B2 SAREAS 218l v= GraphPad AKLa
Jolla, CA, USA)®] Prism 5.0cE ©]-8-3t Student t-Tests A
SFR 01, mean + SEM #LO. % FAISIATE SA14 7273

T * p<0.05, ** p<0.01, *** p<0.001-% 2§33k,

e

]

1}

tFomA A =¢ §9 4%

F. nucleatum FomA A= RE] A 23 oz o] 1t
d 9 e AV golsh B fET ovEZR A
g glow, gt dd v EZ 97 |
of x=EHe Ad dd RE HAAs] flE, F
nucleatum ATCC 10953 st tsh 4 A& 7]nk
O = Parker hydrophilicity Z4HS vl 0.2 7% ofn| =4k
A el gt 2155 (hydrophilicity) 5 o531 THFig. 1A).
T3 Bipipred linear epitope ¢5< 7IHFO. %2 319] FomA
ol st B ©ET o¥EX H9E ASsIith
(Fig. 1B). 28]l th 5 I5a& Fdatd A= A
© e HAY I FHE APtk B {HEF o

(A) W TRresnoid = 2121
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©

Figure 1. Target selection for recombinant truncated FomA
antigen. (A) AAsp.;s0 of FomA was calculated as most
hydrophilic region among whole FomA sequence by
hydrophilicity prediction using a Parker’s method. (B) AA4x-150
of FomA was predicted as most epitope-rich region by Bepipred
linear epitope prediction. (C) The tFomA showed surface
exposed epitope-rich region after protein 3D structure prediction
by using a Phyre2 protein folding system. The epitope-rich
regions (magenta) and the others (green) were visualized,
respectively.
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tFomA A =3 9 43 W YA

A7¥ tFomA A9 el Tde P8l A 22
3 71RE ol &ste] ald AT dd O T E
TS0, o] 5 NEBAFS] IMPACT-CN A|2F1 S o4&
sto] A thFig. 24). W W YA T, 7Sl L
72 FomA AZ3F whalz o] A4y}l gyl tFomA~ =
& AFEE Holom YA A3 14 kDal] #AES 2t
= gA R skela 2 9l9ir) o] E ol La o) /HZ%?S]-

7170 mra Ao MAo] Azak chlA o] FA| A
ol W FE e =2 AUE HYUS AAkst) &
A% GAG tFomA AZF Gl o] gels flsto]
F. nucleatum w52 HE& &3l 53 FH& o) &
3lo] Western blotting 415 433} thFig. 2B). w4
A}, tFomA7} F. nucleatum 75 F3HS =3 A=
= skt ol & Aol Mg A 7IRke] A
Z5r izl g9(tFomA)©] F. nucleatum®] AFAFE] 2]
7% FomAS} FrAFeE EHEAS B & ol e
A A8 7730l e AAKET
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Figure 2. Characterization of purified recombinant truncated
FomA (tFomA). Purified recombinant tFomA was characterized
by (A) SDS-PAGE and (B) Wetstern blot analysis with an anti-F.
nucleatum sera.
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Figure 3. Comparison of antigen-specific antibody production
by immunization of tFomA based subunit vaccine. (A) Scheme
of mice vaccination study. Female 8 weeks BALB/c mice (n =
5) were intranasally given PBS, 1.1 ng of tFomA alone, or
tFomA combination with 4 ug of FlaB three times in 2 week
interval. Fourteen days after the last immunization, blood
samples (saliva) were collected and tFomA-specific serum IgG
titers (B) and tFomA-specific saliva IgA titers (C) were
measured by ELISA. Values represent the mean endpoint
(log2) antibody titer. *, P<(0.05; **, P<0.01; ***, P<0.001.
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