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Studies on the Outer Membrane Proteins of Helicobacter pylori as the Vaccine Antigens for
Oral Administration. Hyung-Bae Park and Tae-Boo Choe*. Deparfment of Microbiological En-
gineering, Konkuk University, Seoul 143-701, Koreq - Helicobacter pylori is a spiral-shaped, mi-
croaerophilic human gastric pathogen causing chronic-active gastritis in association with duodenal ulcer
and gastric cancer. To investigate the possibility of H. pylori outer membrane proteins (OMPs) as the
oral vaccine antigens, sarcosinc-insoluble outer membrane fraction has been prepared from H. pylori
NCTC 11637. The major OMPs having apparent molecular masses of 62 kDa, 54 kDa and 33 kDa
were detected by sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE), which were
identified as urcase B subunit (UreB), heat shock protein (Hsp54 kDa) and urease A subunit (UreA),
respectively. Minor protein bands of 57 kDa, 52 kDa, 40 kDa, 36 kDa and 31 kDa were also observed.
The antigenicity of H. pylori OMPs and antigenic cross-reactivity among the strains were determined
by immunoblot analysis using anti-H. pylori OMPs antisera or intestinal lavage solutions. The results
showed that UreB, Hsp54 kDa, UreA and 40 kDa proteins vigorously stimulated mucosal immune
response rather than systemic immunity. From this results, these proteins seemed to be useful as the
antigen candidates for the oral vaccine. The immunoblotting results with surface proteins from eight
isolated H. pylori strains were similar to that of H. pylori NCTC 11637. The IgA which had been aris-
ed from oral administration of H. pylori OMPs, was able to bind H. pylori whole-cells.
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Helicobacter pylori strain NCTC 116378 ATCCell A
TFadsledel. 1 92 H. pylor: strains+= A& Fo4HEd
o] Fx2 HAY 3AES o 22F A (gastric biop-
sies)d| A Eelete] AREsiich BRE 552 3% Bo-
vine Calf Serum>} 374 &% (Amphotericin B 2
mg/l, Nalidixic acid 20 mg/l, Vancomycin 6 mg/l)°}
27} Brucellar Broth mediag® ARE-8}ed 37T, 10%
CO, vif7]oll A 48417k 5"} BH Fsled Ag-3tel o, of
= wljokoll+= spinner flask €& jar fermentor& AR&-3}
ArH(14, 15).
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2|9} CHMAIO| B3| H. pylori vieF8-2- 6,000 rpmeol]
A 2087 Al Eel st Al E 3 egt F, 3% T4
£ 20 mM Tris-HC! buffer(pH 7.5)% 33] A&%F F+
20 ml®] £ bufferd] o4 2 A=A itk 3024 43] ()
A-etch 20324 FA]) =S92 (Ultra sonicator
model 4710, Cole- Parmer Instrument Co)Z F A&
)33 9, DNase(0.1 mg)2} RNase(0.5 mg) & “d7}3l
of AdZollA 30F74 HEeAIZAT. 12,000 rpmellA] 20+
7b A welsted g =R o2 FAE AAY ¥ 3
gF AFS-olS 100,000 % g2 3057 =HA B2 (Centri-
kon T-1170, Kontron Instruments)dt®d total mem-
branes AAAZcl. ¢e]A membrane 2% sodium
laurylsarcosine®] /% 20 mM Tris-HCI buffer{pH
7.5) 20 miE. A £ Aol 3087 uk-A| FH o}
HEFA o o9} Al e 100,000 x gollA 14]7F Fak
ZRIAE et A XA I, Sl dEAA A8
w|742] -20C oA B3I TH16-18).

Water extract solution &H| H. pylori w)oFN-& Ep-
pendorf microtubesol# 6,000 rpm, 5%7F Y41-Re2]3}
of FAE HAAZ F, 0.1 mi® SHTE d-HAIoH
1%7F Z8381A| vortex mixingdt %, 1057t bath type
sonication{Bransonic ultrasonic cleaner 2210R-DTH)
&), 10,000 rpmellA] 3027 HA4l 8] 3 AFSRS 4}
£33 o 7h2| -20°CollA Batsivh(19).

Urease activity 8

H. pylori ureaseol 2|3t urea®] 7}=¥-8] A3tz AJAd
5]+ ammonia®] ¢S spectrophotometric assay HH
o2 FAsAch 10 pie] Al sl 200 plel urease ac-
tivity test solution(3 mM sodium phosphate, pH 6.8,
containing 7 ptg/m{ Phenol red and 110 mM Urea)2
A7V 5, 23ColA P& A7t HRE-A12) $- 560 nmel]
Al FREE SAFATH20).
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2S£ MY Female BALB/c mice(65% )0l H.
pylori OMP 10 pg= 5 312 complete Freund's
adjuvant(FA)E F3HAlAH B7FA8nh 72 $o in-
complete Freund's ad]uvant 3k 10 pgel H. py-
lori OMP& E7+FAKE 3, obA] 79 Fofl 10 ug®l H
pylori OMPE boosting=- A A A8l Tt. # % boosting ¥
1144 ) AAA A A3 2 AA AL A5}, H
Mlori whole-cell immunization= $3t H. pyloris
phosphate buffered saline(PBS)2. 2 33| A& 3 0.02
M formalin(in PBS)ell 3%7} suspending AlZch
Inactivation(killed) ¥ A& YA =2 PBSel &g
Al7l ¥ mouse 17Fe]% 1x10° bacteria® $1¢] OMP
7352} TUg v o 2 33 B AL shedch(21).

T45H HY Female BALB/c¢ mice(6533 )| H.
pylori OMP 100 ng-8- 10 pg® cholera toxin{CT)3} &
Al 43)(1, 8, 15, 22%) P75 ¥, 294 He 43
o 2 A& A 23 o (7-6, 21). Whole-cell immuniz-
ations #3F] mouse 1vte]®™ 1x10°70€] 0.02 M
formalin-fixed(in PBS) H. pylori 745 1€ OMP 7
2 LI e 43 7 Fodsigiv)

EME 2 Mice: 387 F HAolA A ATH

of| 4 A7z o] AAg Arsha “’Jﬁ 255 5-3ket
5 PBSE 23] 1S At Alzgk A A2 A (25
mM NaCl, 40 mM Na,S0O,, 10 mM KCl, 20 mM Na
HCO,, 50 mM EDTA, 0.1 mg/m/ Soybean Trypsin In-
hibitor, 162 mg/m! Polyethlene glycol(MW 4,000)) 2
mig 27-gauge TARZ|E AREste] 4AFe] 2~3%-9]
z‘”ﬁ}oﬂﬂr AZolA 108 A5 W A7 3= A3 -4
B8 §hESte] dAlEe e A ofL- ZbalA] wulgl
F 47T, 3,500 rpmeil A 108-7F A EE sk}, s
Asdel 1mM phenylmethyl sulfonyl fluoride
(PMSF)& #H718}3 47C, 13,000 rpmell 4] 158-7F 94
g st oA SRS FHE & lmM
PMSFE H7let 2§ AbellA 15870 W8 & AR
g wj7}R] -20°Col A B3absch(22),

Immunoblotting

OMPsE #7]°d53F SDS-PAGE gel& electroblo-
tter(Hoefer Scientific Instruments. San Francisco) &
AH-8-8le] nitrocellulose paperel electroblottingdtsic}.
o] u transfer buffer2+ 48 mM Tris base, 39 mM
Glycine, 20% methanol{pH 8.3)& AF8-3}32, 30 VellA]
3F-F%5<t blotting= S-33tsict. Blottinge] #y ni-
trocellulose papers 20% methanolell A3 %, 5%
skim milk2 Aol 3087t blocking3ttt. Block-
inge| €% 3- PBSE #A& & " A (1:100 dilution) ™
AAAHN(1:10 dilution) o2 A-2ofl4] 14]7HE<} wuk

Helicobacter pyloriS| 22f CHHA] 131

spaA wkeAlATt. 0.2% Triton X-100(or 0.02%
Tween 20)e] 345 PBSE 33 A& & 1,000u)] 3A
gk anti-mouse IgG(or IgA) Alkaline phosphatase con-
jugateZ A -Zol|A] 141752t vE-S-A1F o). PBSE 53] A
A{F Fol 100mM Tris(pH 9.5)E 71 A Al 3psict,
Al 717] $l18] 5-Bromo-4-Chloro-3-Indolyl Phos-
phate(BCIP)®} Nitro Blue Tetrazolium(NBT) mix-
ture(in 100 mM Tris. pH 9.5)5 8h2-2] ¢}, 2hanlo
= A7) e SRR 28] AAsk, ZFA
7 A2 A7)7 BAE 5 itk (23, 24).

ELISA

96-well plate®] Z+- wellell 50 wi®] H. pylori whole-
cell suspension(A630=1.2)& 7}3F &, 374 31375
o AZzAZ ) 7} Wells 5 0.2% Triton X-100(or 0.02%
Tween 20)°] §&#%¥ PBSZ 4X& & 1% Bovine
serum albumin(in PBS, pH 7.5, 200 ui per wel) 2.2
37 ColA 1417F &3t blocking3dteitt. Blockinge] vt
= wells2 0.2% Triton X-100{or 0.02% Tween 20)°|
7% PBSE 33 MAsl1, PBSE 3443t AbA Al (1:
10 dilution)2 ZF wellell =R 3 Asle] Hrlg &
37N 1A17F g1k vRAH T Wellse 33] Al X
¥ 300080 343 anti-mouse IgA Alkaline phos-
phatase conjugate® 4|4 14]7F EqF d4R-&A1#H)
gh-3o] ¥y £ 53] AlA3SlaL 1 mg/ml! p-nitrophenyl
phosphate(in 0.2 M diethanolamine buffer, pH 9.8)F
well'd 200 w¥ A7tz 37704 B A70 F, 405
nmell A S35kl vh(16).
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H. pylori 2|8} EHYZIO] R

2 A3elA] o ] Fejo] 283k sodium lau-
rylsarcosine<> <[4 AHEAJAZ, Filip 5°| E
coli®] cytoplasmic membrane-S A€ o 2 &35 A7lc}
w A S BaE o] 3(25), | Helicobacter 4% X3t
@‘ Gram %é -*1]??2'] 31 U;l]- %H—H"E E*EJ Oﬂ A]—%—EL}_ M
thH(15, 20). ¥ A3+ Blaser 57 Zo| radioio-
dmation WHe|v}t 2-keto-3-deoxyoctonate Fx &3
& A3l AAAH o2 ofv) chulxlel.g. Jpuig)z|i=
oA, #HEH o2 & sarcosine-insoluble frac-
tion®] =¥ hand patterne| o]& Fe|gtA| 2} Aol
Holu, 2 AP A WH R 733 Doig 59 A
& 23 (16)9} 7AF} band patterng X9 o 24 9fqt
izl g abgs|o] Ay el AREslit) Fig 18 vyl »
2%+ sarcosine-insoluble fractionells= ¥2}eF 62 kDa,
54 kDa¥} 33 kDal.® Heol= 3702} major band®} 57
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Fig. 1. SI}S-PAGE of several preparations of pmtems of H.
pylori NCTC 11637.

Each lanes contained 7 pg of proteins and the gel contained 15%
acrylamide. (1) molecular weight marker (2) whole cell (3) 12,
000 rpm supernatant (4) crude membrane (5} sarcosine-soluble
membrane (6) sarcosine-insoluble membrane.

kDa, 52 kDa, 40 kDa, 36 kDa® 31 kDa¢l minor band
s-°] A=)
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H. pylori= d el urease’} &x3}od yreadl 718
= Agx-mq ammonia®l &l&] oA F$9 F& pHE
TSI A Aol At $74-& =X sl ZloE ode A

ch(4, 11, 19, 20, 26). Y4t v MBS A yreaser}
cytoplasm Wel| E43}= A= 2] H ploriol A=
A ER A urease activity® Holw 7o) :ax|q]
o}, o]= cytoplasm Wl FH3}e ureasert ¥lo® &
HlE = Aeg FAsly el o vl glajla s o}
2 =4 ol 9lvh(26). H. pylori ureases FAMEF 380
~680 kDa®] multimeric, high molecular weight enz-
yme. 2.5 SDS-PAGEe®l| 4 61 ~64 kDa3t 29~33 kDa2]
2742 subunit?} 1:19 ¥ 2 vebdoh(19, 20). Dunn =
o| urease® A A= ok, urease activityE Hol:
fractionell4] 62 kDa3} 30 kDa <4 ¢o) 54 kDa ©t
HAo] Ealsle o] #AAH o]F(19), o] whuiAle)
heat shock proteingleo| ¥r& FHch(27). o] F 77} =
siglol e H pyloriell 54 kDa, 62 kDa2l Hsp60
family?} Hsp70¢] &3t 7212 85 ch(28).
Dunn 54 48 2519, 20, 27)¢} v|awste] & uf, B
Aol BAE major protein bandsi= urease su-
bunit B(UreB, 61~64 kDa), heat shock protein 54
kDa(Hsp54 kDa)3® urease subunit A(UreA, 29-33

kDa) & A= =d|, AA|Z urease activityell 2|7} g}
< 27HA ERlF R oAS ArjdE ez sl
3l 2 A3 62 kDa¥t 33 kDa<] bandg?} urease acti-
vity7b & FollA] o] FA HebdS A% 5, =
gk 42°Col A 1087 heat shock % 37°CA] ek 73
- 90% o]|Fe) 54 kDa #9129 band’} FoiA|= 7o)
WAE = ozt A= Huesca 50| H.3H28)
heat shock protein ZAx}el F-AF}E=Z, 3712 major
bands-»—~ Z+2}t UreB, UreA$} Hsp54 kDa® ¢ #)3}= 7]
2.2 &5 9 v} (Data not shown).

Porin protein<- #]=hol| Ex3te] cellx} £]3-7kel| =
o A_Q_k] BEAE t:__] w-“-'f~<:1|1 _Q_o];-,q] ﬁ'}._t_:. channel% %’é A&}
“ﬂ‘ﬂ, AxA o 2 25~50 kDa2l monomer® FAH
trimer ]2 EAF} Doig Soll 93 AA7A 4.
pyloriell 30~31, 48, 49, 50, 51, 60, 67, 80 kDa =<
porin®| Ezx3ro] ¥ HcH(16-18). H. pylori porin
proteinse SHAUAl WA 059 Pseudomonas aeru-
ginosa?) 73525 Al 2 22 channel size® B.0]
=, o|213F Aol H. plori®] in vivo antibiotic in-
sensitivityel] 2l Zoe g A FA3w Q7).
Porin proteinse URME S8 t}2] B-sheet -F& &
3t], membranes 7F2A# tightly packed B-bar-
rel organizations ¥Adsh=d], ol2i3 +2E= & &
TollA4t SDSell 2]t denaturation®l ths] AlcjR e w
resistances Fois Ful 1R A7k, 1204 E dena-
turatione] AHAAHe g Safzle]l A:|pH o §DS-
PAGE AdellX ot & o] F A& B (17). B A¥

oAM= H. pylori NCTC 11637-2 water extract 3z}
g]}qll EJH_IIJR'I __,,_E] mmc,} '4 H ._m:r% E]-BHRT L ""T"H] _“'fls'_!
2tz d Ae}shr] o2 A G alelgt AL SUF) gel A
olH H7ledF steicth. Fig. 204 Holx 73} zho]
water extract WHelA ARS-ZF vortexingo|r} bath
type sonication2 2= celle} T2 2P 2 mem-
brane-%: 7k23 8] ZA0%}+= porinsel £5%%] ¢k 7]

o v AESl 3, AAZ gel Al A bandd] o] % W3lx
3&%‘“515‘] oaskoh. efvh, ofu) whwlal Ao odxje] AE
off Agk band 2HE R 24 o}42] porinse] &4
3t Ao g AlaE gtk 53] 40 kDad} 52 kDa ﬁ}ﬁlﬂlr
30 kDa #elir] @Al Fof band7} Fo1A& A2, 60,
51, 50, 49, 48 kDa¥} 31, 30 kDa porin protems—-* =Bl
gk Doigs9l Ao} 98 9)-& A o2 Alg®cH(16-18).

=3 F0{ 420 I8 HYy 88

H. pylori whole-cell3} OMPsE& 77} 73 5o e} B}
Fof W © 2 immunization A7) T ohz)l zhA) R ¥
Lx HFe AAE 1gG2} IgA pattern® ELISA®F im-
munoblotting .2 els}de},
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Fig. 2. Influence of heatmg on mlgratmn characterlstxcs of
water extracts and OMP of H. pylori NCTC 11637.
Each lanes contained 10 pg of protein and the gel contained 12%
acrylamide. (1) molecular weight marker (2) water extract pro-
tein, ne-heating (3} water extract protein, heating (100°C, 3min)
(4) OMP, no-heating (5) OMP, heating (100°C, 3min).
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Fig. 3. Production of IgA against H. pylori OMPs by vari-
ous administration routes.

O : non-feeding, @ :intraperitoneal injection with OMP and
FA, <7 : OMP and CT feeding.

Fig. 3ol Reol= Zix®H A= wdu¥bS-(mucosal
immune response)?] X EZ A== IgAS] A+ 57
Fof W o 2= AAeke] A2 Hbyl AR ol
AAdge] AF=E UL o]9 2 Z¥H= immunoblot-
ting A= FUdsA FA= =, Fig. 404 &
A AAT IgAL] A$ Hubd o g A== ofo] IgG
of]| vl&} AHX|ut whole-cell®} OMPs RS0l E7};FA}
E.D]' 73:11.1_.0_1}.] =2 6'}1-}] Aﬂ/ﬂ io]:ﬁ_’ ‘dgﬂﬂ LH Ig(]

Helicobacter pylorie] 2[2f CHHA 133

1 2 3 4 5 6 7

66kDa

43kDa
30kD= §

20kDa

Fig. 4. Western immunoblots of H. pylori NCTC 11637 wat-
er extract solution probed with various mouse intestinal la-
vage solutions.

(1) molecular weight marker (2) non-feeding mouse (3) CT only
feeding (4) intraperitoneal (i.p.) injection with whole-cell plus
FA (5) whole-cell plus CT feeding (6) i.p. injection with OMP
plus FA (7) OMP pius CT feeding.
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Fig. 5. Western immunoblots of H. pylori NCTC 11637 wat-
er extract solution probed with various mouse antiserum.

(1) molecular weight marker (2) non-feeding mouse (3) 1.p. In-
jection with FA only (4) i.p. injection with whole-cell plus FA
{5) whole-cell plus CT feeding {6} 1.p. injection with OMP plus
FA (7) OMP plus CT feeding.

= Fig. 53} 6041 A7 o] s} W) FAHE Ro] 2 girh. o)

= A TFodAlell= A AR g AI]] Peyer S patch?}
M cellsell A At =idubgo] ot - o] wE
22FA AAIH G A 7F A 3hE] =] Hbsl, B7bFo{ Al =

Hrlm G Alnle] FAIS s 7] wfolo) WhOIE**Celli’nL
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Fig. 6. Western immunoblots of H. pylori NCTC 11637
OMP probed with various mouse antiserum.

(1} molecular weight marker (2) non-feeding mouse (3) i.p. in-
jection with FA only (4) ip. m]ectmn with whole-cell plus FA
(5) whole-cell plus CT feeding (6) i.p. injection with OMP plus
FA (7) OMP plus CT feeding.

OMPs2] 7% IgAe] AAd ol Aol & 2o
[gG 739+ whole-celld|A] ©f =& uisd
Ao 2 A=

HEA FE SEO| M
H. pyloridll &8l s 7oz ofedx] 99, 9] 4]
o] 2| A T2 Wel AP A A AW ‘ﬂ-ﬂﬂ"ﬂ

213t inflammation Bh-g-0] 3o D}-‘:- A} o) uba =] 7}
Srofl WAl AREA] AbE-EE g Adelel AlEgte] Q7
o ZIt}(11). Whole-cell®] #-<, qﬂ_‘?ﬂ.‘ Al S %M:Q}A]-?]k_

TE8-2 E2E gLl vle) AlgdE] T 'JrE}‘—JrRI
SA ZA-o] =23 BAZ H pylori WA O ?H"’"EJE]
= % 9de A 0] 53":-4 o}, =gk Bl o) :’—%%—*P
O
o

1’.}

oz A}—Jlﬁ]-;?]oﬂ _1 Zéb’}ll e o2 AlgH,

Aol Ao g ARSE £ 9l S AN
Hall 254 IgA BAE 78471 bandE &el3)
2% Fig. 4014 Hol 7123 UreB(61~64 kDa), 60
kDa, Hsp54 kDa, 40 kDa, UreA(29~33 kDa), 31 kDa
22 FHaE| e} o] £ 60 kDa} 31 kDa vzl o é
A A 2ol HARAAE 7balA BAsA7E= A
= e (Fig. 5) 75—?"1—‘3‘] WA FH EA 29 /‘]*%
off 4 A & Hog Algsl

Urease AL#E& WAlo 2 AMEA] yread) 7pda=m
A 5= ammoniav Y A A Lol AL Jehf= A
2.2 dHAUcH29). o2’ AlF o g A H. pyloricl
o] Z-+5o] Wi 2= urease enzymatic activity”}

H-53F UreAs} UreBS A28 sl o 2 Fn)dled Al
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