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Expression of Helicobacter pylori Urease Subunit A in Plant
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ABSTRACT Helicobacter pylori, an etiologic agent of gastritis and peptic ulceration, produces urease which elicits

a powerful immunoglobulin response in H. pylori -infected individuals. To establish a model plant vaccine against H.

pylori, 750 bp -ureA DNA amplified by polymerase chain reaction from pH808 plasmid harboring urease gene

cluster was cloned and manipulated to be expressed in tobacco plants. From the regenerated transgenic tobacco

plants, ureA DNA integration, its mRNA expression and protein synthesis were analyzed and confirmed by standard

molecular techniques. The CaMV 35S promoter-driving ureA construct was expressed to produce a 30 kDa protein

which was identical with bacterial UreA in size when detected on immunoblot of SDS polyacrylamide gel

electrophoresis.
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19833 Helicobacter pylorie] W7o)d] o] #2 94, 9
Aok At =9 Yl # 25 (Marshall and Warren 1983)

Bo FES dol gt o] Ay BAL 2 A9
ureaseo| ol= HA MEY 6% 7R FAECT (Hu and

Mobley 1990). $H, urease2H-o) 2]df AJA == ammonia
9} 2] W] HClo] ¥h2-3led AJA]E monochloroamineS- H
AAZES 9 Ao =2 ARNI| L, urease A& FEWHS-
AEE AZANAo =N AHT WAzl ek S48 o)
&t} (Suzuki et al. 1992). Urease= 550 kDa 2] multimeric
enzyme 2.2 4] 66 kDa2] UreB2} 30 kDa9] UreA subunit
o2 FAEY vt (Hu et al. 1992). H. pylori2] urease+
FH oA zA] st dodoes estm A9, AAY
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szte] YoM ureasedl] ek 1gG9t [gA2] o] 7+
AR "R O o]l FrisHol deeol #HAHI Uk
(Mobley et al. 1995). WekA H. pylori2] urease= T2 &
A AAAA Fof PR WA ANLEARA FES g}
Sttt olof] whe} ureaseo] gt A ET T Ao Ak A
WA E g Q77 B33 HAPHo] ok AZH
urease S Fo| AP BN I H. felisT FGAIFIH o}
4 ANgg#yt 343 depde o2 #EEIL o,
urease S XA B H. pylories 9] WA 282 A
3l o= Aoz BHyE Tl (Lee et al. 1995; Takahashi et
al. 1993). H. pylori 72932 Ao 2 A2 urease 2] 7
T Fodol odt I &Eheh gkdAel uigh Ao s

<8 FHEAANEANE A0 E o] &sks A7 A
2e AHS Holw 2 & AlA (Arakawa et al. 1998; Haq

et al. 1995; Mason et al. 1998)0]A], B dAFor= 7]%9]
H. pylori®] A Z§ urease 7 ool o]g MA g Ite] A+
5 BEUE st9 HEAE ol&ste AUy JiE Tks
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A& NE3L7] 918t urease subunit UreA F1212 G4
A Zelste] 1 Wil UreAd] A=A Aake 248
At

ME ¥ Y

UreA $-4z+¢] PCR Z%& ¢33+ DNA template 24 H.
pylori urease gene clusterE 3H+3= pHP808 (Hu et al.
1992; Hu and Mobley 1993)& Al£-8t5th Primerl &
5'CCATCTAGAACGACATGGTACTCACC3', primer2+
5'AAGAGCTCACTTATCE AF&-3t4th Primerl o=
Kozac box & Xbal 295 EZAZ S0, primer2ol+ Sacl
£ ¥3AAHTE PCRYS-E 94°C 30%, 48°C 30%, 72C 1&
S-S 303 whE Aj3slict PCRe 93t 750 bp DNA%H
=21
o

2% agarose gel Z5-€] Gene-Cleany] (HB101, USA)

2 F&3lo pT7Blue (Novagen, USA)o| HEAA
(pTUREA), E. coli DH5eo| T3t 21 (Cohen et al.
1989), LBamp ZA|uj Ao A] A123}53 ). pTUREA plasmid
= Xbal ¥ SacloZ FAd 3, 750 bpe] DNAZEHE
reporter F-A2AE A AANZI AELEH vector?l pBII214
GUS| 433t (pBIUREA). pBIUREAE Freeze-thaw
HhHol 93] (Gelvin and Schilperoort 1988) Agrobacterium
tumefaciens A1369] AHE AZH O kanamycini}
streptomycin®] 2+z+ 50 ug/mL 27t LB A uRR] oA A
uHel 2, pBIUREA Q] ZQJHH-E Agtaixet W79
o2 g1kt

pBIUREA Y] AEd w4 @8} (Nicotinana tabacum
var. Xanthi)e] §H3} AgrobacteriumS FA|%3ded (An
etal. 1988) A A3l o, JAXZ 2 EA 9 A2 3 A E3}
+= BA 2.0 mg/L, JAA 0.2 mg/L, kanamycin 100 mg/L7} 3
$HEl MS T Aul =] (Murashige and Skoog 1962)0| 4 4=3) 5}
Aok AgsiA o] FE2 A ESEF0] H7IHA] & MS XL
AR A AlgEch AEAY G312 292 CTABS ©]
£33} genomic DNAE 2] (Taylor et. 1993)3F & o]2F
E| pH808ZH-E 9] ureA #7349 PCR cloning3} 722 Z7
ol x12] PCRE 33t 1.2% agarose HA7|GE0 7 35}
Ak ureA A 982 guanidine-thiocyanate S ©]-23}
o] total RNAS} 2] (Strommer et al. 1993) & SAA} 2
PCRO| o3 A5t} UreA @] 58 9ate] 2X
SDS-loading bufferE ol #7}3ted 1.5 mL tube£9]
pestleZ Zto} 28 AL ASSAY 2 AR LT FA
7+ % extraction buffer (KHPOs pH 7.6, EDTA 10 mM,
PMSF 2 mM)oll 5o AEe] § 11 F59& ARgsilch
AE FZ2H2 SDS polyacrylamide gel 47195 (SDS-
PAGE)o)] o]o]A] ©wuwlale] PVDF membraneo]# =,
immunoblotting ©. 2 8218}tk o] st E. coliZH-H

o

o} A)ZTF ureaseol| 3 E7 FAE 12} AR, 23 4
A AR EE ] anti-rabbit IeG (HRP-conjugated)Z, 7173
ECL (Amersham, England)S AF£-3l4] autoradiography
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e rlo rfr

Zn o o
ureA §XXI2| cloningz} Sl AlSH|LY =2

H. pylori urease §-37} clusterS 2385l pH808<] A
Zo| A 717 bpe] ureA DNAE E33sE 750 bp9) DNAZEH
& PCRO) 9J3le ZZ35}3 o|& 2] E9{ vectorZ cloning
£ 2A)Eled pBIUREAE A %33tk PCR cloning g 93k
primer®] t]A}el-e 2B vector?] pBl1219] cloning ¢
291 Xbal3} Sacl AFEL AR} T3 AAA Fol| Ao &
WAGAE 8k 7HA] codon (ATG) 2 F1H 9 BEH7|ME
7183 primer GC content® TEH3IATE 5, ureA ] sense
z2 979 5-AATAGGAGAATGAGATGAAACTCA
CC-3° M9E Xbal 9x8} Kozac boxE E=¢3t 5'-
CCATCTAGAACGACATGGTACTCACC-3' 2 W33
I stop codond)) ©]o}A antisense %2} 5 -CTCACTTTAT
CGC-3' 9= Sacl YA S A7}t 5 -AAGAGCTCACT
TTATCGC-3' 2 tjx}elslath Cloning IS AxLol=a
pBIUREA (Figure. 1A)E A|gta4 ##] 9 agarosed 7]

A
NOS || CaMv35S NOS
HindiH Xbal Sstl EcoRl
B

Figure 1. ureA construct and its restriction enzyme analysis. (A)
pBIUREA: ureA construct in plant expression vector pBI121; (B)
lane 1, ureA DNA by PCR (pointed by arrow); lane 2, UreA in PCR
cloning vector pT7Blue (pTUREA); lane 3, pTUREA cut with
Xbal/Sacl; lane M, molecular weight marker; lane 5, pBIUREA;
lane 6 and 7, pBIUREA cut with Xbal/Sacl and HindIll/Sacl,
repectively.



ol SaiAl st en, I Az figure 1BoA] B¢
I Utk IBolAM S lane 12 %2 PCR AHEE A 750 bp
ureA?] IA7E HAFT vk ol AMFE vector?)
pTUREA %= pBIUREAE 717} Xbal/Sacl A& & 3 7%
g3 olgd EdEAUSS e Ut (lane 33} lane
6).

ANEAE ureA A £9& MSHIAE o]-&-&e] 7uf uf
¢ @ AEAEZFE 5 mm JE A7)0 fH
pBIUREAE XYt Agrobacterium tumefaciens A136=} 2
A7 FAMFE Bo] ST S~65 A3 ol kana-
mycin (50 mg/L)o] 7} shooting medium (BA 2.0 mg/L
S} TAA 0.2 mg/L7} 238 MSZAWA)NA 2] &4 o]
223 o RoAS 1, £2Bo] AhuA GE MSTAMA
o WIS FRaNTh AR ARAE sEoR §7
6~8% AL AR d )59 AL ARl Fa4 9

ureATEIAS] AlEHU =0int WA

HEANNE ureAs) Eo7 HHAAR A ABEA
2 FEA G7IMEZAR R ER1gt pBIUREARYE t
WA WEo] YA R XY rke Fs) sk Ag-
robacterium®} FZNL o]83t western blottingS 485}
gk o8] Agrobacterium transformantE 24 A7} 28°C of A
Zehfoksl 3, o]ZXE 2] bacterial pellet-8 SDS-loading
buffersl g7 Fod o|2HEIQ AF5HE UreArhd 39l
off ol &8stk 1L A3t A. tumefaciens A136 == pBII2 I &
Ad el E YehdA] e 30 kDag] @ Fo] pBIUREA
£ Ad 328 #7dAM = Jeha Ao (Figure. 2). 0
EM AxF DNAC] UreA thild e g At 08 4
AARTH

AdrE Q2 AEAY ureA AR =YL Folsls]
A3k ©o]E9] genomic DNAE #&]3+ &, ureA cloningdl
AFEEIE Y primerd o83t PCRE A8t} (Figure.
3). N AAs GujEA A= 200 bp HEe
DNA FZuks Holy Qloi}, PYAHE HEAE (lane 1-5)
dM= 750 bp 7719] DNA AbEo] &ld] vleldo gy
ureA DNA7} g2l &l E9]5o] gle A& 1350=
e & Uk

Genomic DNAE o]&3 PCR EAol| ¢]&le] 3lst
ureA ALY <) AEA o thsle ureA mRNA LS
AARSAT &, AEA 9 total RNAE Hg 3 o|ZEHE
poly(A)y+mRNAZE £&]3}7 oligo dTismerS primerZ A
g AHANRES (RT)S o238t 12k cDNAE Azt
HHAMEF ureA cloningol]l ARE3l sense ¥ antisense
primerg o}-&3}e] PCR (RT-PCR)E AAjslgon] 1 Ax
+ figure 4] VeI gk

DERE

H. pyvloric urease subunit AQ| AZXLY et&d - 241

Figure 2. Western blotting of pBIUREA-transformed Agro-
bacterium. Lane 1, Agrobacterium tumefaciens A136; lane 2,
pBI121-transformed; lanes 3, 4, 5 are independent pBIUREA-
transformed Agrobacteria.

3 4 5 6 M

Figure 3. PCR detection of wureA DNA from transgenic tobacco
plants. Lane 6 is from nontransgenic plant. The others are transgenic
lines 2, 11, 13, 15, 16 (lane 1-5, respectively).

A B

Figure 4. RT-PCR and northern hybridization of ureA transgenic
plant. (A) RT-PCR for transgenic lines 2, 11, 13 (lane 1, 2, 3). M
represents DNA molecular weight marker; (B) Arrow indicates ureA
mRNA from transgenic line 2 (lane 1). Lane 2 represents the
nontransgenic plant.
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Lane 1, 2, 3 (Z} transgenic line 2, 11, 13)0l]A E5 &3}
A 750 bp Z1719] PCRAHz©0] FRIH S EH4 ureA mRNAAY
o] 98-S HaF3 9tk RT-PCRe ¢JsiA &eld 33
A& o)A transgenic line 2¢] ™3 northern blot
hybridization2 A A)&l9 ¢t} , total RNAS formamide
agarose (1.2%) A719%E £, hybridizationS AA)3+9S o
v AASA (lane 2)9H= 2O Z transgenic line 2
(lane 1)l A= 750 bp A=9] hybridization signal®] e}t
on o]24 ureA DNAS] =AW mRNA 28-S A3 &

A 4 Atk
ALZH|LY UreA CHUEL ApH

ureA $AZ2EE 1 AAF RT-PCR &= northern blot
hybridizationo|] ¢Ja} &1¢ A EAZHE UreA T Z A4k
o] AdHoE FHI A=THE ERIsk Tt (Figure. 2). &
248 A=A line 2, 11, 139] YO 2RE 9 Tz F&d
Aekst & o]Z western blottingol] AFE-a}g T Tz &
HA ) Ae] 2 XSDS-loading bufferZ A3t 799} o
A A4 2 extraction bufferAl8-314 S w1} western
blotting®] Azell= H ol AW, Are] HE01F
W o] autoradiographyel] 2laiA #A2E ok BLo] 30
kDa®] UreA @}z o] QAo M& H|Eo|F whuldo] 7}s}
A Y olggt 84S AA7 d8 oed e
immunoclearing (Sambrook et al. 1989)3} 37 tigAl <]
Ag HGE T3 UreAd] A4S &g & AU S,
extraction bufferS A3l F&3F ALSdld) E7)2H2E Q)
preimmune serum-2 F7}ate] 4°CollA A7 WHEA71 Y
oo} Staphylococcus aureus CowanX ] FA3E MEE

2 e o

Figure 5. Western blotting of transgenic plants. C lane means
bacterial recombinant urease protein where UreA being pointed by
arrow. Lane 1, nontransgenic; lane 2, 3 and 4 from transgenic lines
2, 11 and 13, respectively.

Z7¥sked 12} immunoclearingS 4315t} o] 2 5B 9] A
SA2 yrease A& wr2AZ] & N2 S. aureus
CowanX & #H7lste] ¥hEAl713 TS E HAlEt 3
3 A7} AR S aureus CowanX AAEZ 3]535la] o]
£ SDS-PAGEY] AFE-stsith B8 1A} urease3HA| & B3 2
A% g2 EA ERE Y FEhiATe] PVDF membrane
blot3} 308 AT AoA WFEA|Z] 2 western blotting o]
AFESEA T 3t FAME AEAZEEY FEUN I
membrane blot& H:02 10% S8 02 A4 108 A2
sted AREBITE olE e A S AR FFE-EY HIEHY
He-S AAT 4= AT (Figure 5). Lane C= 30 kDa9] E.
coliZ2FE 9] AZFE ureA BEE HAFH 72 A4
transgenic line 2, 11, 13 (Z+Z} lane 2, 3, HZHE12] ureA ¢
Wo] gl Utk I, vl AHS gl A=A (lane
)M A FEHA 2 Urh UreA ©hafzle] A ibago|
A& transgenic line 110} A ZH O Z 2~4u] =4 yehiz
Ack A E2 E coliZRHO AZF UreA gl gzt
(lane 1)3} H)AL, 3~5 ng A= ALte] HAEH, ol 2
Al AA Az 0.01% AL E A3k Aolth

Western blottingS £3F UreA ©hijZlo] E0lHo g4 H.
pylori®] FL38 0 29| urease subunit?} A|EH| A A
Mol FRssithe A& HAlFT o WiaBAt okl
AA A ARAZ wred §AA EU3 BEAHE A
Al ot 2§l oz o] BHE Z17] Hsie AEA
Well o] o] i3] o]Fojxol st olE
promoter?] AN, ureA FAAFZS WE T= signal
sequence, ER retention sequence (Schouten et al. 1996) &
o 7lel 9@ wuAe) HuAW Y 24 Fo| a5
ofot & Aol

¥ 2

93 YAKS YOI+ Helicobacter pylorie= 1 718
Azl 733k AA XS 3 urease S AT A E
AE olg3te] H. pylorio] tist &9 798 A xs17)
Y3te] H. pylori®] urease FAAE AU 9J+= pH808
plasmid 25%€] 750 bp2] ureA DNAE PCRol| &Jajx ==
T F olg AN o] HES AT A&t
FAAG A EAZEEH wred §H49 TY3 mRNA®
d 2 ARG S EA48ch CaMV35S promoterol] €] g
ureA Az WEL SDS polyacrylamide d7|gF 2
immunoblot 2 @ellA] Blelg]o}Z HE 9] )23 v A} 7+
& 3719 30 kDA UreA ©hi)Fo] WAL RIS

o
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